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Abstract
The revision to infant feeding recommendations internationally, and 
nationally, stimulated interest in infant feeding practices in Singapore. 
Three independent cross-sectional studies were conducted to explore 
different aspects of this issue.
(1) Three hundred and ten mothers (61% Chinese; 31% Malay; 8% 
Indian) were interviewed on their milk and complementary feeding 
practices of their infants from birth. At birth, exclusive breastfeeding 
was uncommon (11%) and rarely continued beyond the first 6 months. 
The majority of infants (77%) started complementary (solid) foods by 
4 months of age. Chinese mothers had a significantly lower (p =  0.002) 
rate of breastfeeding (76%) than the other 2 groups (92%). Length 
was observed to be influenced by the type of milk fed, and not the 
age of introduction of solid food.
(2) Total daily energy and selected nutrient intake of a cohort 
(n=30) of Chinese infants (aged 9-11 mo) was estimated using the 24- 
hour dietary recall method. Infants showed good growth performance 
when assessed against growth reference, despite total daily energy in­
take (808kcal/d) being lower than the Singapore Recommended Daily 
Dietary Allowance. The nutritional composition of home-prepared 
meals was comparatively inferior to the equivalent profile of a com­
mercial cereal.
(3) Two hundred and twenty healthcare professionals in the primary 
care completed a questionnaire on their proficiency and practices in 
infant feeding. Their understanding of infant feeding recommenda­
tions was below expectations and there were also inconsistencies in 
their advice on complementary feeding.
There is a disparity between the infant feeding recommendations 
(theory) and the reality (practice), implying difficulties in the im­
plementation of a global recommendation. Wide-scale surveys are 
needed to collect data that is generalisable to the Singapore infant 
population. Attention to the development of evidence-based infant 
feeding guidelines is a priority with the emergence of the concept of 
nutritional programming in later life.
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Chapter 1
Introduction
1.1 Singapore
1.1.1 Geography
Lying at the tip of the Malay Peninsula in Southeast Asia, Singapore is a small 
country, made up of a main island and several islets scattered off its northeast 
and south (Figures 1.1 & 1.2). The total land area is approximately 700 km2 
and is the fourth most densely-populated country in the world (6208 population 
per km2), after Monaco, Macau and Hong Kong respectively (Wikipedia Ency­
clopedia, 2006). In contrast, the UK has 246 population per km2 (Wikipedia 
Encyclopedia, 2006).
1.1.2 Population characteristcs
Singapore has a multi-racial resident population of approximately 3.55 million, 
comprised of 75.6% Chinese, 13.6% Malay, 8.7% Indian and 2.1% Others (Singa­
pore Department of Statistics, 2006). Table 1.1 summarises some key population 
characteristics, obtained from the General Household Survey 2005 (Singapore 
Department of Statistics, 2006).
The average number of children born per ever-married female is 2.4. The 
report highlighted a negative correlation between family size and educational at-
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Table 1.1: Key population characteristics of Singapore for overall population 
and ethnic groups: Data from the General Household Survey 2005 (Singapore 
Department of Statistics, 2006)
Total Chinese M alay Indian
Ethnic distribution (%) 100 75.6 13.6 8.7
Sex ratio (males per 1000 females) 987 976 1000 1078
Average no. of children born 1 2.4 2.3 3.0 2.2
Highest qualification attained 2 (%) 
- Below Secondary 38.4 38.7 44.3 31.0
- Secondary 21.4 20.0 30.8 22.1
- Upper Secondary 15.1 14.8 16.2 15.8
- Polytechnic 8.2 8.9 5.2 6.1
- University 17.0 17.7 3.4 25.1
Language spoken at home 3 (%)
- English 28.1 28.7 13.0 39.0
- Mandarin 36.0 47.2 0.1 0.1
- Malay 13.2 0.2 86.8 10.6
- Tamil 3.1 - - 38.8
Mean monthly income from work(S$ 4) 3500 3610 2200 3660
Home ownership (%) 91.7 92.9 93.2 83.1
1 Per ever-married female
2 Non-student population aged 15 years and over
3 Aged 5 years and over
4 £1 «  S$3.05 (as of 23/01/2007)
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tainment of the females, e.g. for age group 40 - 49 years, ever-married graduates 
had 1.9 children compared with 2.3 for those with below secondary qualifications. 
The percentage of the non-student population aged 15 years and over who at­
tained a university qualification increased from 11.7% in 2000 to 17% in 2005. 
All ethnic groups are better qualified than before, with a 7%, 3.5% and 11% in­
crease between 2000 and 2005 for Polytechnic or University qualifications among 
the Chinese, Malay and Indian respectively. The mother tongue language, i.e. 
Mandarin for the Chinese, Malay for the Malays and Tamil for the Indians is 
most frequently spoken at home, while nearly a third of the population speaks 
primarily English at home.
The unemployment rate in 2005 was 4.2% (Singapore Department of Statis­
tics, 2006), compared with 5.3% in the UK (UK Department of Statistics, 2006). 
The average monthly income from work was S$3500 (£1 =  S$3.05 as of 23/01/2007) 
and home ownership is 92% (Singapore Department of Statistics, 2006). The av­
erage number of hours worked per week was 48.4h in 2005, with the males working 
5h longer than the females (Singapore Department of Statistics, 2006). With the 
increase in female labour force participation rate in recent years - a 3.7% increase 
between 2000 and 2005, it is common for children to be taken care of by their 
grandparents and/or foreign-employed maids or to be in full-day childcare centers. 
Consequently, there is also an increase in prepared-food purchased from outside 
the home, evident by the wide availability of food centres and restaurants.
1.1.3 The Infant Population
The Singapore population is relatively young with 8.4% of the population above 
65 years of age (Singapore Department of Statistics, 2006), compared to 16% 
in the UK (UK Department of Statistics, 2006). However, like many developed 
countries in the world, Singapore is facing the problem of a declining birth rate 
-  1.24 per female adult aged 15 to 44 years in 2005 (Singapore Department of 
Statistics, 2006). The number of infants born per year fell from 51,142 in 1990 to 
46,997 in 2000 and even lower with 37,492 births in 2005 (Singapore Department
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of Statistics, 2007). In order to rectify the shrinking population problem, the Sin­
gapore government, in August 2004, implemented several pro-family initiatives, 
including an enhanced comprehensive package that covers medical expenses for 
childbirth, extended statutory maternity leave (from 8 to 12 weeks), parental 
childcare leave, childcare options, tax relief and baby incentives like cash paid 
out over 2 years (of which the value is dependent on the number of children).
1.1.4 General health
The infant mortality rate was 2.0 per 1000 live births in 2004 (Ministry of Health 
Singapore, 2006b), which is low compared to 5.3 per 1000 births in 2004 in the 
UK (UK Department of Statistics, 2006). The average life expectancy is 77.4 
and 81.3 years for males and females respectively (Ministry of Health Singapore, 
2006b), similar to that in the UK (UK Department of Statistics, 2006). In 2003, 
Singapore spent 4.5% of GDP on healthcare, compared with 8% in the UK (WHO 
Multicentre Growth Reference, 2006a). The National Health Survey showed that 
the health status of Singaporean adults in 2004 has improved since 1998 (Table 
1.2), with the exception of the prevalence of obesity, which has increased slightly 
(Ministry of Health Singapore, 2006a).
Table 1.2: Prevalence of the lifestyle-related diseases and their definitions among 
Singaporean aged 18-69 years in 1998 & 2004 (Ministry of Health Singapore, 
2006a)
Disease (Definitions) 1998 (%) 2004 (%)
Diabetes Mellitus
(Plasma glucose 2h post-OGTT >1.1  mmol/1)
9.0 8.2
Hypertension
(Systolic pressure > 140 mm Hg or Diastolic 
pressure > 90 mm Hg)
21.5 20.1
Obesity
(BMI > 30 kg/m2)
6.0 6.9
Blood cholesterol
(Total blood cholesterol >6.2  mmol/1) 
(LDL cholesterol >4.1  mmol/1)
25.4
26.5
18.7
19.8
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The principal causes of death are the major non-communicable diseases asso­
ciated with affluence (Table 1.3). Healthcare services in Singapore are provided
Table 1.3: Top 10 leading causes of death in Singaporeans aged 18-69 years in 
2005 (Ministry of Health Singapore, 2006b)
Disease Incidence (%)
2004 2005
Cancers (all types) 27.1 26.4
Ischaemic Heart Disease 18.8 18.1
Pneumonia 14.1 14.9
Cerebrovascular Disease (including Stroke) 9.8 9.9
Accidents, Poisoning & Violence 6.5 4.9
Other Heart Disease 4.2 4.0
Chronic Obstructive Lung Disease 3.1 3.5
Diabetes Mellitus 3.0 3.1
Nephritis, Nephrotic Syndrome & Nephrosis 1.6 2.0
Septicaemia 0.9 1.6
through a dual system of government-managed and private clinics and hospi­
tals. There are a total of 29 hospitals/ national specialty centres in Singapore, of 
which 13 are in the public sector. The network of government hospitals, national 
specialty centres and polyclinics are managed by two health services -  the Na­
tional Healthcare Group (NHG) in the West and the Singapore Health Services 
(Singhealth) in the East. The government ensures that good and affordable basic 
healthcare services are available to the citizens through the provision of subsidies 
in the public sector. The individual is expected to pay part of their medical 
expenses (between 20 and 100% of the total medical cost), with the proportion 
determined by the level of service demanded. For example, the government sub­
sidises 80% of the hospital bill for a patient who opts for ‘C’ class (open dormitory, 
with at least 8 beds).
In addition to the basic healthcare services, the government also targets 
health improvement and disease prevention, through the Health Promotion Board 
(HPB), which was established in 2001. The HPB conducts several national health 
programmes. One example is the ‘National Healthy Lifestyle programme’, which
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is an annual month-long campaign to raise awareness amongst Singaporeans of 
the need to adopt a healthy lifestyle. The HPB also facilitates accessibility to 
health information, such as through health exhibition and a toll-free information 
service.
1.2 Infant Feeding Trends
1.2.1 Infant feeding in Singapore
Breastfeeding practices
The earliest recording of infant feeding practices in Singapore was in the late 
1950s. Observations were made based on several field studies (Millis, 1959). Table
1.4 shows the overall breastfeeding trend between 1951 and 1985. There have
Table 1.4: Comparison of prevalence of breastfeeding between “poor” mothers 
and “well-to-do” mothers in Singapore (Chua et al., 1990): expressed as the % 
of the mothers studied
Year Poor m others (%) W ell-to-do m others (%)
Initiated breastfeeding
1951 90 8 5 - 9 0
1960 70 73
1971 51 28
1978 49 68
1985 36 60
Breastfeeding at 1 month
1951 85 80
1960 65 30
1971 43 10
1978 41 29
1985 - 39
been sharp falls in the initiation and continuation of breastfeeding in Singapore 
since 1951 (Chua et al., 1990). More “poor” mothers initiated breastfeeding than 
the “well-to-do” mothers (Chua et al., 1990). However, the difference between 
the two economic groups was reversed in the late 1970s. Chua et al. (1990) 
suggested the reversal was attributed to increased affluence and education. Fok 
(1997) also suggested that the more educated mothers were more likely to initiate
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Table 1.5: Prevalence of breastfeeding in Singapore1 (including exclusive breast­
feeding and mixed feeding) compared to the UK2 at ages up to 6 months (data 
extracted from National Breastfeeding Survey 2001, Foo et al. (2005) and Infant 
Feeding 2000, Hamlyn et al. (2002) respectively): % breastfeeding at each age
Age Singapore (%) UK (%)
Birth 94.5 69
At 1 week - 55
At 1 month 71.6 -
At 1 1/2 months - 42
At 2 months 49.6 -
At 4 months 29.8 28
At 6 months 21.1 21
1 Includes those who provided other sources of nutrition, in addition to 
breast milk
2 Indicates attem pted breastfeeding rate
breast feeding than the less educated mothers. It is thus not surprising that 
breast feeding prevalence has been rising simultaneously with higher educational 
attainment of the female population in Singapore over the years.
Recent data provided by the National Breast Feeding Survey 2001 supports 
the trend of rising breastfeeding prevalence in Singapore (Foo et al., 2005). The 
survey included 2098 mothers who delivered their babies between April and May 
2001 (prior to the current WHO recommendations) and was of mixed ethnic 
representation, though the ethnic ratio was not representative of the Singapore 
distribution. The data is shown in Table 1.5. Breast feeding had increased, 
with 94.5% of mothers reportedly attempted to breastfeed (Foo et al., 2005). 
About 72% and 50% of mothers were still breast feeding (including exclusive 
breastfeeding and mixed feeding) at 1 and 2 months respectively, while 30% of 
mothers persisted till 4 months. By 6 months, the percentage of mothers still 
breastfeeding fell to 21%. Exclusive breastfeeding at any time between delivery 
and 6 months was not a common practice in Singapore -  7% of the mothers 
breastfed exclusively at 4 months, but fell to near zero at 6 months (Foo et al., 
2005). In addition to educational attainment, maternal age, ethnicity, religion,
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previous breast feeding experience, awareness of breast feeding benefits, workplace 
policies and baby’s gender were found to influence mother’s decision to breast feed 
(Foo et al., 2005).
Several investigators had observed over the years that among Singapore’s 
ethnic communities, the Malays favoured breast feeding most, while the Chinese 
favoured it the least (Millis, 1959; Chua et al., 1990; Fok, 1997). The prevalence 
of breast feeding according to ethnic group between 1960 and 1992 is summarized 
in Table 1.6. The Chinese had a low rate of breast feeding initiation, as well as
Table 1.6: Comparison of prevalence of breastfeeding at birth and at 1 month 
of age by ethnic groups in Singapore (Chua et al., 1990; Fok, 1997): expressed as 
% of the mothers studied
Year Chinese (%) M alay (%) Ind ian  (%)
At birth
1951 85-90 - 95
1960 65 63 82
1978 42 100 81
1985 41 78 73
1992 61 89 85
At 1 month
1951 75 - 91
1960 49 44 53
1978 20 73 62
1985 13 20 44
1992 - - -
a shorter duration of breast feeding, indicated by low rate of breastfeeding at 1 
month of age, compared to the Malay and Indian.
Complementary feeding practices
Less has been documented on complementary feeding in Singapore. In the late 
1950s to 1960s, fresh liquid cows’ or goats’ milk were scarce and expensive, hence 
they were seldom given. Sweetened condensed milk and a formula of powdered 
full cream milk and sucrose were more commonly used for supplementary feeding. 
Millis (1959) reported slight variations in feeding practices amongst the three 
ethnic groups. Rice porridge or rice gruel, was introduced to Malay infants at the
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age of 3 months due to the belief that rice gives strength. In contrast, among the 
Chinese and Indian, the introduction of rice porridge was often delayed until the 
infant was about 6 months of age. However, while the Chinese and Indian parents 
added small quantities of meat or fish after the sixth or seventh month, these foods 
were gradually added in the Malay family. Regardless of ethnic group, parents 
frequently withheld eggs and legumes; fruit and vegetables were hardly given at 
all in the first year, even among the more educated women (Millis, 1959). Use 
of vitamin supplements was limited, unless supplied by the welfare clinics in the 
form of cod liver oil, which provided a source of fat-soluble vitamins. Wealthier 
women, however, bought and gave their infants either cod liver oil or water-soluble 
vitamins from proprietary yeast extract or a synthetic vitamin mixture (Millis, 
1959). Therefore, the feeding of infants in the first year was based mainly on milk 
and cereals.
1.2.2 Geographical differences in infant feeding practices
Breastfeeding practices
Table 1.5. above summarizes the main findings from the National Breastfeeding 
Survey 2001 (Foo et al., 2005), compared to the findings from the Infant Feeding 
2000 (Hamlyn et al., 2002). The data suggested that more Singaporean mothers 
were breastfeeding at 1 month (72%) than UK mothers at 1 week (55%), but any 
differences in breastfeeding did not exist by 6 months. However, direct compar­
isons may be difficult to interpret due to the way the data was presented in these 
surveys.
In many developed countries, breast feeding rates are low when compared 
with North Europe. The Nordic countries have the highest rate of breast feeding 
initiation. Nearly every infant born in Norway had sometime been breast fed 
(Lande et al., 2003), which is higher than other developed countries that recorded 
rates between 50 amd 90% (Table 1.7).
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Exclusive breast feeding, particularly continuing beyond 6 months is uncom­
mon. Nevertheless, breast feeding rates are slowly improving in the US, as tracked 
by the 2 surveys conducted in the US (Li et al., 2002; Ryan et al., 2002). This 
has been attributed to breast feeding campaigns, additional ‘Baby Friendly Hos­
pitals’, as well as access to trained breast feeding counsellors. The ‘Baby Friendly 
Hospitals’ initiative, which was started in 1992, is a joint strategy of the WHO 
and the United Nations Childrens Fund (UNICEF). The aim is to create institu­
tions with maternity services to adopt practices known to promote breast feeding, 
such as the early initiation of breast feeding within half-hour, no use of artificial 
teats or pacifiers, rooming-in and establishment of breast feeding support groups 
(World Health Organization, 1998).
Table 1.8 shows the breastfeeding rates in 3 Asian cities. Two reports were
Table 1.8: Comparison of prevalence of ever breastfeeding and exclusive breast­
feeding in Asian countries (various studies): expressed as % of sample studied
Year Study Country
Ever 
breastfed 
rate (%)
Exclusive breast­
feeding rate (%)
1 month 3 months
1993 Lee et al. (2006) Hong Kong 8.4 - -
1997 Li et al. (1999) Bangkok,
Thailand
80 — 62.4
1997 Leung et al. (2002) Hong Kong 33.5 20.4 10.3
1998 Li et al. (2003) Beijing,
China "
69.6 55.8
available in the literature on breastfeeding rates in Hong Kong (Leung et al., 2002; 
Lee et al., 2006). Lee et al. (2006) reported that the average rate of breastfeeding 
(exclusive and partial ) in the 1993 cohort was a low 8.4% for infants below 6 
months of age. At around 3 months of age, 6% of the infants were still receiving 
some breastmilk. However, Leung et al. (2002) found that the ever breastfed rate 
had increased to 33.5% in 1997, and 10% of infants breastfed for more than 3 
months. In contrast, higher breastfeeding rate was reported in Bangkok, Thailand 
and Beijing, China. In Bangkok, the initiation rate in 1997 was 80% and exclusive 
breastfeeding was 62% at 3 months of age (Li et al., 1999), while in Beijing,
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exclusive breastfeeding rate was 56% at 3 months of age (Li et al., 2003). 
Complementary feeding practices
Information on introducing complementary foods is relatively sparse, compared to 
milk feeding practices. In the Euro-Growth study conducted across 12 European 
countries between 1990 and 1993, the earliest introduction of solid foods was at 1 
month of age for 5.1% of children in Hungary (Freeman et al., 2000). By the age 
of 3 months, more than half of the children had been introduced to solid food, 
while by 6 months, 95% of children had received one or more solid foods (Freeman 
et al., 2000). In the UK, a quarter of mothers had introduced solid foods by 3 
months of age (Hamlyn et al., 2002). The majority of mothers introduced solid 
foods between 4 and 6 months, and by 6 months, nearly all babies (98%) had 
received at least one solid feed. In Beijing, China, 76% of children were introduced 
solid foods between 4 and 6 months of age, while 9.3% of children were given solid 
foods on a daily basis before 4 months of age (Li et al., 2003).
1.3 The Physiology of Infancy
While infant feeding is influenced by the environment and culture, it is as much 
determined by the physiology of the infant’s growth and development milestones. 
An insight into the physiological adaptations that take place during infancy may 
assist in the understanding of the stages when their nutritional needs change.
1.3.1 Developm ent &; maturation
Physical Growth
Infancy represents a period of rapid growth and development that is not achieved 
by any other period in the life cycle, except the adolescent growth spurt. Growth 
is characterized by both an increase in the mass (weight) and dimensions (length 
or height) of the body. The infant’s weight doubles in the first 3 months, and
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by 1 year of age, the weight would be three times that of the birth weight. The 
gain in length is not as fast as the weight with 50% increase in length during 
the first year of life. The toddler at 2 years of age will achieve half of the ma­
ture skeletal height. In infancy, weight is more sensitive than length as a tool 
used for assessment of growth, as the proportional rate of weight gain is up to 
three times greater than that of length (Cole, 2002a). Several consecutive mea­
surements should be obtained in order to derive meaningful information of the 
growth. In practice, weight-for-age measurement is universally more commonly 
used, versus length-for-age or weight-for-length, although the latter has the speci­
ficity to distinguish growth stunting, wasting and overweight from normal growth 
(de Onis et al., 2004). Since growth and development are dependent on provi­
sion of appropriate nourishment, any nutritional insult during the early years is 
likely to retard the process, subsequently leading to permanent deficits if timely 
intervention is not carried out. Apart from nutrition, the genetic constitution, 
presence of severe illness, psychological disturbance and the secular trend can also 
influence growth and development (Dickerson, 2003). Therefore, the assessment 
of growth and developmental milestones forms an important component of child 
health monitoring.
The development of appropriate growth charts is necessary for the assess­
ment of growth and nutritional status to be applicable. Existing growth charts 
provide reference data that are based mainly on cross-sectional measurements 
of a sample population, healthy or otherwise, which may not necessarily repre­
sent the growth of all children. The UK has used growth charts since the late 
1960s (Tanner, 1966), with the US following some ten years later (NCHS/WHO, 
1977). With better nutrition and secular trends to increasing height and weight, 
as well as gender differences over the years, charts have been updated to reflect 
these changes. Currently, in the UK, charts developed in 1990 have superseded 
the Tanner charts (Freeman et al., 1995). The Glasgow Infant Growth Study 
(GIGS) provided the evidence that the revised UK 1990 reference data are more 
appropriate than the older standards, since the length and more noticeably, the 
weight, diverged substantially from the older charts (Savage et al., 1999). The US
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Center for Disease Control (CDC 2000) released new charts in 2002, to replace 
the NCHS/WHO 1977.
Since growth is frequently assessed using growth charts, the type of reference 
growth curves used can strongly influence the judgement. The three charts used 
in the US (Tanner, NCHS/WHO and CDC) were compared (Nash et al., 2005). 
The Tanner charts were based on a relatively small sample of children nearly 
half a century ago. In the NCHS/ WHO charts, the growth data for children 
younger than 2 years of age was generated from a different sample population 
as that for the 2 to 18 years old group, hence the disjunction at 2 years of age 
led to difficulties in interpretation of the charts. The CDC charts picked up a 
higher proportion of children at risk of undernutrition than overweight. This 
may have the implication that overweight children will be classified as within the 
healthy weight range, hence delaying intervention when necessary. However, the 
higher compatibility of the CDC charts versus the Tanner and the NCHS/ WHO 
charts, was attributed to an ethnically diverse sample population from a wide 
geographical area with mixed infant feeding practices, and included breast fed 
children. In addition, the curves were shifted up as a consequence of the secular 
trend. Notwithstanding, the charts represent a growth reference rather than a 
growth standard.
In 1994, the World Health Assembly endorsed the development of a new set 
of growth charts to assess infant and young child growth, and recommended an 
approach to describe how children should grow in all settings, i.e. a growth 
standard, rather than describe how children grow in a specific setting and time, 
i.e. a growth reference (Garza and de Onis, 2004). The rationale for developing 
new international growth references stemmed from a meta-analysis that growth 
is not independent of feeding choices, i.e. growth of healthy breastfed infants 
deviated significantly from the NCHS/WHO charts, which were data collected 
from predominantly formula-fed infants (Garza and de Onis, 2004). In addition 
to evidence reviewed by the WHO Working Group on Infant Growth, Dewey et al. 
(1992) also compared prospectively breastfed infants with formula-fed infants, 
controlled for the age of introduction of complementary foods not earlier than 4
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months of age. Although there was no difference in their weight for the first half 
of the first year of life, the weight of breastfed infants was significantly lower than 
formula-fed infants from 6 to 18 months. The data also showed that the growth 
trajectory of breastfed infants was slower than the formula-fed infants after the 
first three months, which confirmed the commonly observed growth faltering of 
breastfed infants on existing growth references. An important consequence of 
the apparent growth faltering is the premature introduction of complementary 
foods, which may lead to undesirable outcomes. Hence, growth curves generated 
from samples of formula-fed or combined formula- and breastfed infants may 
not accurately represent the growth for breastfed infants and there is a need for 
growth charts developed based on breastfed infants (Dewey et al., 1992).
The WHO Multicentre Growth Reference Study (MGRS) was initiated in 1997 
to develop the international growth standards and was completed in 2003. The 
growth standards are intended for international use now. The MGRS combined 
a longitudinal follow-up from birth to 24 months (n=1743) with a cross-sectional 
survey of children aged 18 to 71 months (n=6697) from all major global regions 
in the world, who were raised in favourable environment and optimal feeding 
styles (in accordance to the WHO global strategy). Pre-empting that there will 
be questions over the diversified background of the sample population, the WHO 
working group on the growth reference protocol undertook a 7-country study of 
the growth of breastfed infants, prior to the commencement of the international 
effort. The findings were supportive that growth patterns of breastfed infant, 
regardless of genetic and environment influences, presented striking similarities. 
However, possible exceptions that the weight of the Indian infants was 15% lighter 
relative to the Australians and to a lesser extent, the length of the Chinese infants 
was 3% shorter than the Australians at 12 months of age existed (World Health 
Organization, 2000b). The growth standards represented the establishment of 
the breastfed infant as the normative growth model. Three quarters (74.7%) of 
the children in the MGRS were exclusively/predominantly breastfed for at least 
4 months, 99.5% started on complementary foods by 6 months of age (median 
5.4 months, range 4.8 to 5.8 months), and 68.3% were partially breastfed until at
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least age 12 months (WHO Multicentre Growth Reference, 2006b).
Growth charts are used universally for growth monitoring. In a survey of 
202 countries, it was found that 68% used the NCHS/WHO charts, while 17%, 
including Singapore, used references developed in their own countries (de Onis 
et al., 2004). The growth charts used in Singapore are divided into 2 age groups 
- birth to 6 years and 6 to 18 years, and are scheduled for revision every decade. 
The current charts were updated in 2000. They were based on a cross-sectional 
cohort of pre-schoolers and school children respectively. An issue with country- 
specific charts is that interpretation is limited to the context where they were 
developed, leading to difficulties in making comparisons between countries. Since 
children grow similarly across the world’s major regions when their needs for 
health and care are met, the availability of the new international growth standards 
will provide a useful tool for growth monitoring and comparison.
Individual values can be related to the growth references either using standard 
deviation (SD) scores (Z-scores) or percentiles. The SD- (Z-) score provides a 
value to represent the individual’s position in relation to the reference, with a 
positive value meaning more than the population mean and a negative value 
otherwise. On the other hand, percentiles provide estimations of proportions of 
the population that fall above or below a value. For example, if the 50th percentile 
of weight is 10 kg, it will infer that 50% of the population has a weight less than 
or equal to 10 kg.
Individuals growing normally will usually follow a growth trajectory that fol­
lows the same relationship to the population mean or percentile throughout their 
childhood. Nevertheless, growth references are limited in that they relate attained 
size to age and do not directly measure growth velocity, i.e. the rate of change in 
size over time (Cole, 2002a). The assessment of growth involves three temporal 
processes - a snapshot to assess current size, follow-up over time to assess ve­
locity and a prediction of future growth and size from current knowledge (Cole, 
2002a). The growth velocity is practically important, since children may grow at 
different speeds and subsequently reach maturity at variable chronological ages. 
Furthermore, the assessment of under- and overweight by a comparison of the
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weight-for-age percentile with the height-for-age percentile is a poor measure of 
body size, while the weight-for-height index ignores the child’s age (Cole, 2002b). 
The body mass index [BMI =  weight/height2 (kg/m2)], which is the standard 
used to define overweight and obesity in adults, has now been developed for use 
in the child population. The UK 1990 and the CDC 2000 growth references 
have specific BMI charts with cut off points for defining overweight and obesity, 
but the points were identified arbitrarily, based on their respective prevalence 
of overweight and obesity in the country, which may not be relevant for other 
countries. Hence, Cole et al. (2000) proposed international cut-offs for BMI by 
extrapolating appropriate cut off points (25 kg/m2 and 30 kg/m2) at age 18 years 
to childhood, while conserving the corresponding percentile. However, use of the 
BMI to predict fatness in infancy is unsatisfactory, as it under-adjusts for length 
such that tall infants are fatter (Cole et al., 1997). Although BMI charts have 
been developed in Singapore, their use has not been officiated. Therefore, the 
BMI charts are not used in the growth analysis in this thesis.
Development o f psychomotor skills relevant to feeding
In healthy infants, psychomotor skills relevant to feeding evolve during the first 
year of life, so that they become increasingly more independent. The newborn 
infant establishes a suck-swallow-breathe pattern and rooting reflex almost im­
mediately, to facilitate breast or bottle feeding. However, the infant will require 
head-neck support and help with hand-to-mouth coordination, hence making it 
difficult to maintain a position for successful ingestion and swallowing of semisolid 
foods. In addition, the presence of the gag reflex may interfere with the intro­
duction of solids before 4 months of age (Michaelsen et al., 2003).
With more skilful head control emerging around 3 to 4 months of age, the 
infant will be able to move his/her tongue forward and backward. Although 
developmental readiness for complementary foods varies considerably among in­
fants, most will acquire the oral, gross and fine motor skills that are required for 
feeding between 4 and 6 months of age (Butte et al., 2004). Around 6 months of
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age, the infant will be able to reach out for objects and convey them to his/her 
mouth, and subsequently transfer objects from one hand to the other (Morgan 
and Poskitt, 2005). After the seventh month of life, the infant will have devel­
oped lateral tongue movements, which help to push food to the side of the mouth 
for mashing or chewing, hence enables foods to graduate from thin puree to soft 
mashed foods with noticeable lumps and crunchy foods that dissolve. The infant 
will begin to learn to shut his mouth, shake his/her head to indicate no, turn 
his/her head away from spoon or be distracted by the surroundings when “full” 
around this time (Morgan and Poskitt, 2005).
By about 8 months of age, most infants can sit unsupported and have sufficient 
tongue flexibility to enable them to manage thicker boluses of food (Michaelsen 
et al., 2003). The desire and ability to self-feed with fingers will be fully demon­
strated by 9 months of age, as well as holding and drinking from a cup. At 1 year 
of age, although the infant demands to spoon-feed self, the inability to scoop and 
stop the rotation of spoon, thus causing considerable loss of food from the spoon 
before it reaches the mouth, limits their actual consumption by self (Morgan and 
Poskitt, 2005). The skills to bite through a variety of textures and chew effec­
tively by 1 year of age allows the introduction of coarsely chopped foods. The 
child becomes efficient at eating foods of varying textures and taking controlled 
bites of soft solids, hard solid or crunchy foods by 2 years of age(Butte et al., 
2004).
Development o f gastrointestinal function
Although the gastrointestinal tract is anatomically and functionally mature at 
birth, subtle immaturity of gastrointestinal enzymatic function in the first months 
of life makes digestion and absorption less efficient with infant formula than 
with breast milk. Specific components in breast milk facilitate the digestion and 
absorption of nutrients, e.g. the presence of lipase that helps with fat digestion, 
the unique composition of lipid, protein and carbohydrate that is appropriate for 
the limited digestive capability (Morgan and Poskitt, 2005). By 3 to 4 months
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of age, the normal, healthy infants’ gastrointestinal tract is mature to digest 
complementary foods (Butte et al., 2004). The physiological capabilities of the 
infant’s digestive tract will reach near adult proficiency when most nutrients in 
the infant’s diet come from table foods (Butte et. al., 2004). This may typically 
happen between 1 and 2 years of age.
Development o f renal function
A newborn infant has a limited renal capacity to conserve fluids and to secrete 
solute load, hence making them susceptible to fluid overload or to overload from 
non-metabolisable substances that require the kidney to excrete (Morgan and 
Poskitt, 2005). Renal solute load refers to all solutes of endogenous or dietary 
origin that require excretion by the kidneys, while potential renal solute load 
(PRSL) refers to solutes of dietary origin that would need to be excreted in the 
urine if none were diverted into the synthesis of new tissues and none were lost 
through non-renal routes (Fomon, 2000). Breast milk and modified infant formula 
are suitable for infants, due to the low renal solute load, while unmodified cow’s 
milk and some complementary foods have too high renal solute load, which can en­
danger the infant. As the immature kidney is not able to excrete sufficiently con­
centrated urine to expel the solutes, it can lead to hypernatraemia, uraemia and 
hyperosmolality in the cellular spaces, (Morgan and Poskitt, 2005). By around 4 
months of age, the renal function will mature considerably and infants can con­
serve water better and deal with higher solute concentrations (Michaelsen et al., 
2003).
Development o f immunological function
The newborn loses the immune protection from the maternal system once the 
umbilical cord is cut. The immune function may develop relatively soon after 
birth for some infants, whereas in others may develop more slowly. There are 2 
components of the immune system - the structural barriers (e.g. epithelium of 
the gastrointestinal and respiratory tracts, skin and its secretions, etc.), which
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protect even in the absence of antigens; and the specific adaptive defense (the im­
munoglobulins) that respond to specific antigens. The combination of a relatively 
poor defence of the young infant’s digestive tract, and reduced gastric acidity, 
may contribute to the risk of injury to the mucosa by foreign substrances, which 
can cause direct or immunologically mediated damage. Certain immunological 
components of breast milk may set in motion a train of developmental events. 
One example is the colonization of the gastrointestinal tract with bacterial flora 
that will activate the mucosal immune system to luminal antigens. Furthermore, 
the infant will also benefit directly from the immunological components of breast 
milk, e.g. secretory Ig A, lactoferrin, which help to augment the child’s unready 
defences.
1.3.2 Changes in body com position
The development of the embryo to a fetus and subsequently to a child and adult 
involves a series of intricate processes. Figure 1.3 shows the changes in the body 
composition from birth to 5 years of age. As the cell mass of the developing
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Figure 1.3: Changes in proportion of fat, protein, total body water and osseous 
minerals in the body during the first 5 years of life (Dickerson, 2003)
fetus increases, the proportion of water falls. The ossification of the skeleton 
begins to occur when the fetus weighs between 700g and 900g, which contributes 
to the increase in the concentration of calcium and phosphorous in the body
1.3. The Physiology of Infancy 22
(Dickerson, 2003). The fat content of the fetus does not rise until the weight of 
the fetus exceeds 2kg in the third trimester, subsequently reaching approximately 
13% of body weight at full-term (Dickerson, 2003). After birth, the proportion of 
fat continues to rise over the first 6 months of postnatal life until it reaches the 
peak at around 25%, but this will gradually fall back to approximately 13% as 
an increase in activity level occurs concurrently with the ingestion of solid food 
from 6 months of age. Skeletal muscle forms the most abundant single tissue in 
the human being, regardless of the stage of life. The skin and brain, on the other 
hand, accounts for more of the body weight during initial life than in an adult 
(Dickerson, 2003). Since skeletal muscle contains the bulk of the body’s protein, 
the proportion of protein in the body remains largely stable.
1.3.3 Organ differentiation
Although the development of body organs is regulated by genetic factors early 
in gestation, the maturation of body organs appears to be largely determined by 
the type of nutritional input during pregnancy and the immediate postnatal life.
Muscle
Skeletal muscle is the largest soft tissue in the body, and is composed of fibres 
originating from myoblasts. Maternal nutritional restriction in early gestation has 
been shown experimentally in pigs to retard skeletal muscle development at the 
myoblast level by involving components of the insulin-like growth factor (Symonds 
et al., 2003). However, the later growth potential of muscle fibres is influenced 
by their susceptibility to nutritional deprivation, hormonal response and exercise 
(Dickerson, 2003). Symonds et al. (2003) postulated that nutritional restriction 
could contribute to impaired glucose disposal and a concomitant enhancement 
of adipose tissue deposition, since glucose has a direct anabolic effect on adipose 
tissue growth. Hence, undernutrition during gestation not only reduces skeletal 
muscle, it could increase the potential for adipose tissue growth. In addition, the 
overall endocrine response of the fetus has been proposed to be the mechanism
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linking fetal nutritional insults and the predisposition to adult obesity (Symonds 
et al., 2003).
Skeleton
The skeleton is made up of ‘bones’ that are composed of connective tissues, which 
contain cells - the osteoblasts, osteocytes and osteoclasts, and a matrix. However, 
‘bones’ is unlike the skeletal muscle and skin in that it is characteristically hard, 
due to the deposition of bone minerals within the collagen fibres. Bone strength 
begins to be laid down from 8 weeks’ gestation and a large proportion of the in­
crease in collagen occurs before 22 weeks’ gestation (Dickerson, 2003). The degree 
of calcification does not appear to increase during the last trimester of gestation 
until the end of the second postnatal year (Dickerson, 2003). However, prolonged 
undernutrition resulting in stunting, as well as inadequate skeletal maturation, 
has been reported to result in low calcium content in bones (Dickerson, 2003).
Brain
The bulk of the brain tissue content is cholesterol and other fatty acids; while in 
the central nervous system, it is present as myelin, which is formed when the glial 
cells stop dividing. Growth of the brain tissue occurs about 10 weeks before birth 
in the full-term infant and increases until about 6 years of age, but the greatest 
increase in brain myelin is between 30 weeks gestation and term. (Dickerson, 
2003). It is during the first two postnatal years that the brain growth spurt 
happens, where the forebrain and brain stem collectively reach 70% of mature 
size. Malnutrition does not appear to have a specific effect on cell multiplication 
or on myelination. It is the positive environmental stimulation that may affect 
the behaviour and increase cell numbers in the brain (Dickerson, 2003).
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1.4 Energy and Nutrient Requirements
1.4.1 H istory of Developm ent of Energy and Nutrient 
Requirem ents
By the last trimester of gestation, most vital organs are differentiated and com­
pletely formed. The fetus goes through a phase of rapid growth at this time and 
many nutrients are accumulated in preparation for birth. The nutrient reserve 
is important to provide support for the high nutritional demands the newborn 
faces in the first few months of life. Food intake becomes the main source of 
nourishment thereafter. Knowledge of the nutritional requirements is necessary 
to ensure appropriateness of the type of food, as well as guide the quantity of 
food needed to meet the changing nutritional demands of the growing child.
The Food and Agriculture Organization of the United Nations (FAO) started 
to propose human nutrient requirements to provide recommendations to health 
professionals since 1948. The World Health Organization (WHO) collaborated 
a few years later and the United Nations University (UNU) joined the initiative 
much later in 1981. In the US, the Food and Nutrition Board of The National 
Academy of Sciences started to issue dietary recommendations around the same 
time.
In the US, nutrient based reference values are now termed Dietary Reference 
Intakes (DRI), instead of Recommended Daily Allowance (RDA). The change 
to the new DRI values indicated that the goals of the values are to prevent 
nutrient deficiencies as well as to reduce the risk of chronic diseases such as 
osteoporosis, cancer and cardiovascular diseases (National Academy of Sciences, 
2002). There are four types of DRI reference values: the Estimated Average 
Requirement (EAR), Adequate Intake (Al) and Tolerable Upper Level (UL). 
Refer to Table 1.9 for these definitions of terms used in the US (National Academy 
of Sciences, 2002).
In the UK, the Committee on Medical Aspects of Food and Nutrition Pol­
icy (COMA), which is now superseded by the Scientific Advisory Committee on 
Nutrition(SACN), started in the early 1990s to examine the available scientific
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Table 1.9: Definitions of terms used in the most recent report of the US Dietary 
Reference Intakes (National Academy of Sciences, 2002)
B r ie f  D escr ip tio n
Recommended Daily 
Allowance (RDA)
The average daily dietary nutrient intake level sufficient to meet the nutrient 
requirement of nearly all (97-98%) healthy individuals in a particular life 
stage and gender group
Adequate Intake (Al) The recommended average daily intake level based on observed or 
experimentally determined approximations or estimates of nutrient intake by 
a group (or groups) of apparently healthy people that are assumed to be 
adequate - used when an RDA cannot be determined
Upper Tolerable 
Intake Level (UL)
The highest average daily nutrient intake level that is likely to pose 110 risk of 
adverse health effects to almost all individuals in the general population. As 
intake increases above the UK, the potential risk of adverse effects may 
increase.
Estimated Average 
Requirement (EAR)
The average daily nutrient intake level estimated to meet the requirement of 
half the healthy individuals in a particular life stage and gender group.
* For Energy, Estimated Energy Requirement (EER) is provided; it is the 
average dietary energy intake that is predicted to maintain energy balance in 
a healthy adult of a defined age, gender, weight, height and level of physical 
activity, consistent of food health. In children, pregnant and lactating 
women, the EER is taken to include the needs associated with the deposition 
of tissues or the secretion of milk at rates consistent with good health.
evidence and to estimate nutrient requirements for various groups. Nutrient re­
quirements and recommendations in the UK are defined as Dietary Reference 
Values (DRV), which comprise a series of estimates of the amounts of energy 
and nutrients needed by different groups of healthy people in the UK popula­
tion (UK Department of Health, 1991). Refer to Table 1.10 for definitions of 
terms used in the UK. The SACN is currently reviewing the nutrient recommen­
dations, focusing on nutrients that have cause for concern, e.g. iron, folate and 
selenium. The Energy Requirement Workgroup last met on 5 December 2006 and 
reviewed the measurement methods of physical activity. The group will review 
the mean values for different age group based on the tabulated characteristics 
of the Doubly-Labelled Water studies (which was agreed by the group to be the 
most accurate method of physical activity measurement) on the UK population 
during the next meeting, which is planned to take place in April 2007 (Scientific 
Advisory Committee on Nutrition, 2007).
In Singapore, energy and nutrient requirements (Table 1.11) are known as the 
Recommended Daily Dietary Allowances, and are largely referenced to the WHO
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Table 1.10: Definitions of terms used in the ‘Food Energy and Nutrients for the 
United Kingdom’ report (UK Department of Health, 1991)
B rie f D escr ip tio n
Estimated Average 
Requirement (EAR)
This is an estimate of the average requirement for energy or a nutrient. 
Approximately 50% of a group of people will require less, and 50% will 
require more. For a group of people receiving adequate amounts, the range of 
intakes will vary around the EAR.
Reference Nutrient 
Intake (RNI)
The amount of a nutrient that is enough to ensure that the needs of nearly 
all the group (97.5%) are being met. Many within the group will need less.
Lower Reference 
Nutrient Intake (LRNI)
The amount of a nutrient that is enough for only the small number of people 
who have low requirements (2.5%). The majority will need more.
Safe Intake The amount judged to be a level or range of intake at which there is no risk 
of deficiency and is below the level where there is a risk of undesirable effects.
This is used where there is insufficient evidence to set an EAR, RNI or LRNI.
There is no evidence that intakes above this level have any benefits, and in 
some instances could have toxic effects.
Table 1.11: Recommended Daily Dietary Allowances for Normal Healthy Infants 
in Singapore (Health Promotion Board, 2007)
A ge
group
months
W eight
kg
E nergy
heal
P rote in
(9)
Iron
(mg)
V it A  
(R E )
(meg)
V it D
(meg)
Thiam ir
(mg)
i R iboflav
(mg)
nNiacin
Equiv.
(mg)
V it
B 12
(meg)
Folic
acid
(meg)
V itC
(mg)
3 ~ <  6 7 700 16 7 300 10.0 0.28 0.42 4.6 0.3 60 20
6 -  <  9 8.5 800 17 7 300 10.0 0.32 0.49 5.3 0.3 60 20
9 -  < 12 9.5 950 18 7 300 10.0 0.38 0.57 6.3 0.3 60 20
R D A  for C alcium
Infants 0 - 6  months: 300mg (Breastfed), 400mg (Formula-fed) 
Infants 7 -  <  12 months: 400mg
(Health Promotion Board, 2007).
Despite slight differences in the terminology used by the countries in setting 
the energy and nutrient requirements, the practical purpose of the values is to 
ensure that the nutritional needs of the population are met. They were not 
intended to evaluate the diets of individuals, although they have often been used 
this way.
1.4.2 Energy
The estimated energy requirement (EER), is defined as “the amount of food en­
ergy needed to balance energy expenditure in order to maintain long-term good
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health” (Food and Agricultural Organization of the United Nations, 2004). In in­
fants and children, this includes the energy needs for synthesizing and depositing 
tissues during optimal growth and development.
In the first 3 months of life of a full term infant, the energy cost of growth is 
about 35-40% of total energy requirements, becomes halved (i.e. 17.5%) in the 
following three months; and further reduced to less than 6% in the ensuing six 
months. In the second year, energy required for growth is less than 2% (Food 
and Agricultural Organization of the United Nations, 2004). Carbohydrates and 
fats provide the primary source of dietary energy; proteins may provide an im­
portant source of energy when total dietary energy intake is limited (Food and 
Agricultural Organization of the United Nations, 2004).
The FAO energy requirement, was calculated by measuring the total energy 
expenditure in free-living individuals, using the doubly-labelled water technique, 
and adding the energy for deposition in growing tissues in infants and children 
estimated from growth velocity and the composition of weight gain (FAO, 2001). 
Previous energy requirements proposed in the FAO/WHO/UNU 1985 were es­
timated from observed intakes of healthy children growing normally, with an 
additional 5% to compensate for possible methodological bias in the calculation 
of energy intakes (Butte, 1996). The assumption that infants can self-regulate 
their energy intake is challenged by external factors such as the availability of 
food. As a result, the energy requirement proposed in the 2001 FAO report is 
lower (between 11 and 23%) than the previous values recommended in the 1985 
FAO/WHO/UNU report (Food and Agricultural Organization of the United Na­
tions, 2004). Energy requirements of breastfed infants are lower during the first 
year of life, as the total energy expenditure is lower among breastfed than formula- 
fed infants (Food and Agricultural Organization of the United Nations, 2004), and 
this is illustrated in Table 1.12.
Nevertheless, the principal objective of the expert consultations on human 
energy requirements was intended on a macroscopic scale, to provide countries 
with the means to assess the adequacy of food supplies, to draw up targets for 
food production and to inform national food and nutrition policy and planning
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Table 1.12: Energy requirements of breastfed and formula-fed infants during 
the first year of life (Food and Agricultural Organization of the United Nations, 
2004)
Age
(m onth)
Boys Girls
B reastfed
(kca l/kg /d )
Formula-fed
(kca l/kg /d )
B reastfed
(kca l/kg /d )
Form ula-fed
(kca l/kg /d )
1 106 122 99 117
2 98 110 95 108
3 91 100 90 101
4 79 86 80 86
5 79 85 79 87
6 78 83 79 84
7-9 77 81 76 81
10-12 79 82 77 81
(Food and Agricultural Organization of the United Nations, 2004). The recom­
mendations were not meant to be prescriptive for individual subjects, but to give 
the average energy requirements of groups or classes of individuals with similar 
characteristics (Food and Agricultural Organization of the United Nations, 2004).
1.4.3 Protein
Protein is not a primary energy source, but important for growth and repair of 
tissues. At adequate levels of energy intake, protein is utilized for tissue synthesis, 
maintenance and deposition.
Protein requirements for infants have been calculated in a semi-factorial way 
from a maintenance requirement based on nitrogen-balance studies, and a growth 
requirement calculated from estimated rates of nitrogen accretion, to which ad­
ditions of 50% to account for day-to-day variability in growth and for inefficiency 
of dietary utilization were made (Millward, 1999). However, this has resulted 
in estimates of protein considerably higher than the average intakes of breastfed 
infants (Millward, 1999). In breastfed and formula-fed infants, the protein in­
take did not influence growth, after controlling for energy intake (Dewey et al.,
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1996). Neither was there any functional advantage in the formula-fed group with 
the higher protein intake than the breastfed group. Consequently, Dewey et al. 
(1996) re-assessed protein requirements in infants, and recommendations were 
made to eliminate the adjustment for daily variability in growth, the reduction 
of the maintenance requirement and an increase in the dietary utilization rate. 
These adjustments have resulted in lower protein requirements than the 1985 
FAO/ WHO/ UNU and the DRI recommended by the National Academies of 
Science (Table 1.13). However, it should be remembered that the DRI represents
Table 1.13: Protein requirements recommended by the FAO 1985, Dewey 1996 
and DRI 2002 (US) for full-term breastfed and formula-fed infants during the 
first year of life
Age P ro te in  requirem ents (g /K g /d )
(m onth) F A O /W H O /U N U , 1985 (Dewey et al., 1996) D R I, 2002
0-1 - 1.99
1-2 2.25 1.54
2-3 1.82 1.19 1.52 (Al)3-4 1.47 1.06
4-5 1.34 0.98
5-6 1.30 0.92
6-9 1.25 0.85 1.50 (RDA)9-12 1.15 0.78
the level of intake that meets the nutrient need of almost all individuals.
1.4.4 Fat
Fat provides a concentrated source of energy. Fat in the body also serves several 
important functions, such as the derivation of steroid hormones and neuromod­
ulators, formation of structural components of membranes and nervous tissues. 
Prentice and Paul (2000) proposed that the fat requirements of infants and chil­
dren should be based on 4 criteria. Firstly, the possible obligate need of fat as a 
metabolic fuel may impose a minimum metabolic demand for fat as an oxidative 
substrate. Secondly, the difficulty to achieve a high energy density without the use 
of a fat source implies that the provision of a sufficiently energy-dense diet is nec­
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essary to meet energy needs. Thirdly, the supply of an adequate intake of essential 
fatty acids (EFA) is required for numerous physiological functions, and fourthly, 
to supply sufficient fat is to allow adequate absorption of fat-soluble vitamins. 
Fat requirements would be similar regardless of socio-economic backgrounds, but 
environmental stress, e.g. infections, would probably impose increased needs, 
possibly due to increased energy needs associated with hypermetabolism or the 
need for catch-up growth in the anabolic phases following recovery from illness 
(Prentice and Paul, 2000).
Dietary fat intake during the first 6 months of life is controlled in infants 
fed breast milk and infant formulas, which provide approximately 50% of energy 
as fat (Butte, 2000). The WHO recommends that during weaning and at least 
until 2 years of age, a child’s diet should contain 30-40% of energy from fat, 
while the American Academy of Pediatrics and the American Heart Association 
recommends no restrictions in dietary fat intake (Butte, 2000). Butte (2000) 
suggested that the energy density, nutrient density and feeding frequency may be 
more important than the dietary fat content in influencing the energy intake and 
growth of young children. However, it may be practically difficult to achieve high 
intakes of energy in infants without a high fat intake. Illustrated in the ‘Com­
plementary Feeding: Family Foods for Breastfed Children’ guide, the addition of 
1 teaspoon of oil or fat to a meal gives extra energy in a small volume (World 
Health Organization, 2000b).
The EFA are linoleic acid (LA), a-linolenic acid (ALA), and the long-chain 
polyunsaturated fatty acids (LCPUFA), arachidonic acid (ARA), eicosapentanoic 
acid (EPA), and docosahexanoic acid (DHA). In the body, ARA can be synthe­
sized from LA, while EPA and DHA can be synthesized from ALA. A complete 
lack of EFA in the diet is recognized to be associated with growth retardation, 
dermatological abnormalities and possibly neurological and visual symptoms. Re­
quirements for LA are the best known. Most regulatory authorities recommend 
that LA provides 2.7% of total energy, and to avoid deficiency symptoms of ALA, 
the minimum is «  0.3-0.5% of energy (Gibson and Makrides, 2000). Require­
ments of the LCPUFA has not been easy to define for 2 reasons -  LCPUFA can
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be synthesized from the precursors and the plasma concentration of LCPUFA 
that indicates insufficiency can neither be defined nor measured (Gibson and 
Makrides, 2000). Until there are specific health outcome measures that can be 
related to the level of LCPUFA, the only way to define LCPUFA requirements 
will be to rely on the composition of breast milk from well-nourished mothers 
(Gibson and Makrides, 2000). However, the LCPUFA content of breast milk can 
be highly variable, depending on the maternal sources of LCPUFA.
1.4.5 V itam ins & minerals
Vitamins and minerals have to be obtained from the diet, as the body does not 
synthesize them. Each vitamin and mineral has distinct roles in the body and the 
requirement for each nutrient may change during different stages of life, as well as 
under specific conditions. Requirements for vitamins and minerals for infants and 
young children are derived from (1) estimates of the minimum level to prevent 
deficiencies; (2) estimates extrapolated from human milk levels; (3) calculated 
from an extrapolation from adult requirements (Bender, 2003). Iron and vitamin 
D are the two micronutrients identified by the US panel in the development of 
feeding guidelines for infants and toddlers that require special emphasis. This 
selection was due to the common occurrence of iron-deficiency, with or without 
anaemia, in the children under 2 years of age and to the re-emergence of rickets 
reported in the US in breastfed infants with inadequate exposure to sun lig h t 
respectively (Butte et ah, 2004). Table 1.14 provides a summary of the DRI for 
the key micronutrients for infants (Butte et al., 2004).
1.5 The Impact of Early N utrition on Infant 
Health
There is wide recognition that early nutrition has an effect that reaches far beyond 
the determination of the fetal size and growth, such as the influence of the early 
environment and brain development and behaviour. Of late, the focus has been
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Table 1.14: Dietary Reference Intakes (DRI) for key micronutrients and their 
dietary sources for infants (Butte et al., 2004)
N u tr ie n t
A I1 U L 2
S ou rces3A g e  (m o n th ) A g e  (m on th )
0 -6 7 -1 2 0 -6  | 7 -1 2
Vitamin A 400/j .g
RAE4
500/ug
RAE4
600pg preformed Orange or yellow fruits 
and vegetables, spinach, 
broccoli
Vitamin C 40mg 50mg ND5 Baby fruits and vitamin 
C rich fruits juices
Vitamin D8 5.0/rg (200IU) 25/zg (1000IU) Vitamin D supplement
Vitamin E7 4mg 5mg ND Infant cereal, vegetable 
oils, mashed avocado
Vitamin K8 2/ig 2.5 f i g ND -
Thiamin 0.2mg 0.3mg ND Infant cereal
Niacin 2mg NE9 4mg NE9 ND Infant cereal
Vitamin B-6 O.lmg 0.3mg ND Infant cereal, enriched or 
whole-grain products
Folate 65/jg 80 f i g ND Infant cereal, fortified 
grain products
Vitamin B-12 0.4/tg 0.5/rg ND Beef, yogurt
Pantothenic
acid
1.7mg 1.8mg ND Yogurt, sweet potato
Biotin 5/zg 6^g ND Infant oatmeal cereal
Calcium 210mg 270mg ND Infant cereals
Chromium 0.2/ig 5.5/zg ND Cheese
Copper 200yug 220/zg - -
Fluoride10 O.Olmg 0.5mg 0.7mg 0.9mg Infant fluoride 
supplement
Iodine llO ^g 130/ig ND Food prepared with 
iodized salt
Iron 0.27mg
6.9mg (EAR) 
11 mg (RDA) 40mg Iron-fortified infant 
cereals
Magnesium 30mg 75mg ND Infant cereals, meats
Manganese 0.003mg 0.6mg ND Whole grains
Phosphorous lOOmg 275mg ND Infant cereals, meats
Selenium I b f i g 20/ig 45/zg 60/ug Whole grains
Zinc 2.0mg
2.5mg (EAR) 
3.0mg (RDA) 4mg 5mg Meats, zinc-fortified 
infant cereals
1 AI =  Adequate Intake
2 UL =  Upper Tolerable Intake Level
3 Sources of nutrients other than from breast milk or infant formula
4 RAE =  Retinol Activity Equivalents
5 ND =  Not Determined
6 Assuming that infants are not obtaining any vitamin D from sunlight, an AI of at least 5p,g 
(200IU) is recommended
7 Vitamin E in the form of a-Tocopherol
8 AI assumes that infants also recieved prophylactic vitamin K at birth in amounts suggested by 
the American and Canadian Academics of Pediatrics
9 NE =  Niacin Equivalents
10 AI for older infants is based on the relationship of caries, water fluoride concentrations, and 
fluoride intake
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on growth in early life and the impact on later chronic diseases. Professor David 
Barker and his colleagues have largely contributed what is known about the ‘fetal 
origins theory of adult diseases’ over the past 20 years or more, although it was 
McCannce who first identified the role of early nutrition in fetal programming 
(Lucas et al., 1999). ‘Fetal programming’ is the process whereby a stimulus at a 
critical or sensitive period results in adaptations that permanently change struc­
ture, physiology, and metabolism, which predisposes to obesity, cardiovascular, 
metabolic and endocrine diseases in adult life (Godfrey and Barker, 2000). The 
period from birth to 2 years of age has been suggested to be a “critical window” 
in an infant’s life for growth, development and health.
The associations of low birth weight with an increased propensity to adverse 
health outcomes in adulthood, which includes abnormal blood lipid levels, dia­
betes mellitus, hypertension and cardiovascular diseases, were shown in obser­
vational studies by Barker (Lucas et al., 1999). However, recently the Barker’s 
original hypothesis has been challenged (Lucas et al., 1999; de Boo and Harding, 
2006). Lucas et al. (1999) questioned the statistical techniques in the analysis 
of the growth data and disputed the interpretation of the significance of the ef­
fect size. Thus, while nutrition in utero imposes critical sequelae, Lucas et al. 
(1999) proposed that the “critical period” could also happen anytime between 
the fetal life and the postnatal period. Emerging evidence suggested an associ­
ation between postnatal growth acceleration, through the effect of high-nutrient 
diets in early childhood, and the programming of the principal components of 
the metabolic syndrome, leading to the evolution of the growth acceleration hy­
pothesis (Singhal and Lucas, 2004). The availability of small numbers of studies 
involving twins and premature infants has revealed inconsistent findings between 
low birth weight and disease risks, which highlighted a possible relationship be­
tween adult disease risk and gestation length, rather than fetal growth (de Boo 
and Harding, 2006). New evidence is also unfolding that the effects of intrauterine 
programming may be reversible (de Boo and Harding, 2006).
The impact of infant milk feeding practices on later disease risks has been the 
subject of research in numerous studies (Table 1.15).
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A large systematic review (Owen et al., 2005) provided consistent evidence 
of an association between breastfeeding and a reduced risk of obesity, and the 
association appeared stronger among prolonged breast feeders. There are also 
suggestions on the long-term benefits of breastfeeding in pre-term or full-term 
infants for cardiovascular health (Owen et al., 2002) and blood pressure (Martin 
et al., 2004; Lawlor et al., 2005), which could potentially be valuable in reducing 
public health costs. There is also a substantial body of evidence of the protec­
tive effect of exclusive breastfeeding during the first 3 months or longer against 
childhood atopic dermatitis, especially in infants with a positive family history 
of atopy (Gdalevich et al., 2001; Schoetzau et al., 2002).
The evidence that the ‘weaning period’ has a programming effect is very lim­
ited and there are no randomized controlled trials to support or refute the ‘fetal 
programming’ hypothesis (Table 1.15). ‘Early’ solid feeding has been implicated 
in triggering allergic disorders, such as respiratory illness and atopic dermatitis, 
as well as being implicated in increased body weight. A follow-up cohort study of 
children in Dundee, Scotland, found that ‘early’ solid feeding (before 15 weeks) 
significantly increased the probability of wheeze occurring at any time during 
childhood (Wilson et al., 1998). However, the widely believed recommendation 
to delay the introduction of solid foods to reduce the risk of atopic disease was re­
cently questioned by Zutavern et al. (2004), who found that there was no evidence 
for the protective effect of late introduction of solid foods against respiratory or 
atopic diseases in the general population.
Associations between the timing of solid feeding and autoimmune diseases 
have also been put forward. However, the Eurodiab substudy 2 study group 
(2002) did not show an association of the introduction of cows milk, formula milk 
or solid foods before 3 months with a significant risk elevation for Childhood 
Type 2 Diabetes. On the other hand, in children with family history of Diabetes, 
the timing of cereal exposure (between 0 and 3 months; 7 months or older) has 
been implicated to increase the risk of islet autoimmunity, implying risk of Type 
1 Diabetes Mellitus (Norris et al., 2003; Ziegler et al., 2003). Over in China, the 
rising rate of Type 1 Diabetes in the region initiated the setting up of disease
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registries across China, and data collected also suggested that infant milk and 
solid food intake were associated with disease incidence (Strotmeyer et al., 2004).
With the refinement of new theories relating diet in infancy to health through­
out childhood and adulthood, it is important to recognize the changes in infant 
feeding recommendations over the years and appreciate the significance that ap­
propriate infant feeding practices have on health outcomes.
1.6 Global Infant Feeding Recom mendations
Poor breastfeeding and complementary feeding practices, coupled with high rates 
of infectious diseases are the principal proximate causes of malnutrition during 
the first 2 years of life (Dewey, 2003). Poor nutrition can also be secondary to 
high nutrient requirements not met by an ability to consume food in adequate 
quantities. International and national infant feeding recommendations are fun­
damentally important to provide guidelines on appropriate feeding advice for the 
nourishment, growth and development of infants and young children everywhere 
in the world. However, a review of feeding guidelines promoted by various na­
tional and international organizations has shown that there are inconsistencies 
in the specific recommendations for feeding infants and 3'oung children (Dewey, 
2003). Some of the guidelines are based more on tradition and speculation than 
on scientific evidence, while others are far more prescriptive than is necessary, for 
example, the order of foods introduced (Dewey, 2003). Thus, the optimal mode 
of feeding has generated much debate in recent years. This section summarizes 
the scientific basis for current infant feeding recommendations; firstly of exclu­
sivity of breastfeeding and secondly of the age of introduction of complementary 
feeding.
1.6.1 Duration of exclusive breastfeeding
Since 2001, the WHO recommended “exclusive breastfeeding for the first 6 months 
of an infant’s life, and continued for at least 2 years thereafter with appropriate
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complementary feeding” (World Health Organization, 2001). The recommenda­
tion ended a protracted controversy over the optimal duration of breastfeeding, 
as well as concerns about the nutrient adequacy of exclusive breastfeeding for 6 
months in early infancy.
A systematic review of sixteen independent studies was undertaken to investi­
gate the effects of exclusive breastfeeding for 6 months versus exclusive breastfeed­
ing for 3-4 months with mixed breastfeeding thereafter, on child health, growth & 
development and on maternal health (Kramer and Kakuma, 2002). The authors 
found that there was no evidence in the published literature to show deficits in 
growth among infants exclusively breastfed for 6 months compared with those 
who were exclusively breastfed for 3-4 months with mixed breastfeeding there­
after to 6 months. There was also a lower rate of morbidity from gastrointestinal 
infection amongst full-term infants exclusively breastfed for the first 6 months 
compared to those exclusively breastfed for 3-4 months (Kramer and Kakuma,
2002). Moreover, mothers who exclusively breastfed to 6 months had prolonged 
lactational amenorrhea (Kramer and Kakuma, 2002). As a result of the sys­
tematic review, which was commissioned by the WHO, the authors concluded 
that there were more benefits than apparent risks to recommend, as a public 
health policy, the exclusivity of breastfeeding for the first 6 months in both the 
developing and developed country settings (Kramer and Kakuma, 2002).
A second meta-analysis of the nutrient intakes provided by human milk, in 
comparison to the infant nutrient requirements defined using biochemical and 
physiological methods was also undertaken (Butte et al., 2002). The review 
mainly evaluated the nutritional needs of the full-term infant and their growth 
performance and did not assess the non-nutritional factors found in breast milk. 
The authors concluded that mean intakes of human milk were able to provide 
sufficient energy, protein, calcium, vitamins A and B6 for the first 6 months of 
infancy for the full-term infant, with the exception of vitamin D, iron and zinc. 
However, it should be noted that the level of vitamins in human milk is highly 
dependent upon maternal diet and nutritional status (Butte et al., 2002). Dur­
ing the first half of infancy, the exclusively breastfed infant relies on endogenous
1.6. Global Infant Feeding Recommendations 43
stores of iron and zinc to meet the requirements. Once these endogenous stores 
are depleted (approximately until 6 months for iron but no timescale suggested 
for zinc), an additional exogenous source is required. The level of vitamin D in 
breast milk is considered insufficient, so exclusively breastfed infants need to be 
exposed to adequate amount of sunlight for the synthesis of vitamin D in the 
body (Butte et al., 2002). After consideration of the evidence from the reviews, 
the authors concluded that the benefits to change current infant feeding recom­
mendations to encourage exclusive breastfeeding for the first 6 months of life 
outweigh the possible negative outcomes associated with extending the duration 
of exclusive breastfeeding.
Following the two reviews discussed above, the WHO and UNICEF stated in 
a key international document, titled ‘Global Strategy for Infant and Young Child 
Feeding’ (World Health Organization, 2003) that infants should be exclusively 
breastfed for the first six months of life to achieve optimal growth, development and 
health. Thereafter, to meet their evolving nutritional requirements, infants should 
receive nutritionally adequate and safe complementary foods while breastfeeding 
continues for up to two years of age or beyond (World Health Organization, 
2003)). This document forms the basis of current infant feeding recommendations 
worldwide, including the UK (UK Department of Health, 2003) and Singapore 
(Health Promotion Board, Singapore, 2003).
1.6.2 Age of com plem entary feeding
Much discussion has also centered on when complementary feeding should be­
gin, following the recommendation for exclusive breastfeeding during the first 6 
months of an infant’s life. A systematic review by Lanigan et al. (2001) found no 
clear evidence to either support or refute a change to the infant feeding recom­
mendations at that time (which was to introduce complementary foods between 4 
and 6 months of age). However, as reviewed in section 1.6.1. above, there is insuf­
ficient evidence to prove that exclusive breastfeeding for six months will impose 
risks of growth faltering or that the provision of breast milk is unable to meet
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the energy and nutrient requirements for the first six months of infancy. Starting 
solid food feeding earlier than 4 months of age may increase risks of diarrhoeal 
disease and food allergies, arising from potential contaminants from foods and 
fluids for the former and intestinal immaturity for both, although this has not 
been consistently shown in developed countries where there is high prevalence 
of early introduction of complementary foods coupled with over-hygienic rearing 
of children (Foote and Marriott, 2003). The other concern is the potential dis­
placement of breast milk by complementary foods, which may lead to reduced 
production of breast milk and thereby reduced energy and nutrient intake by the 
infant, hence resulting in sub-optimal growth (Michaelsen et al., 2003). Data from 
the 24-hour recalls collected in the ‘Feeding Infants and Toddlers Study’ (FITS) 
confirmed the presence of energy self-regulation among infants and young chil­
dren (Fox et al., 2006). Thus, the infants innate ability to regulate energy intake 
may help to dispel some of the concern with early complementary feeding. On 
the other hand, late introduction of complementary feeding, i.e. after 6 months 
of age, is associated with for example, possible growth faltering, micronutrient 
deficiencies and the delayed development of motor skills.
There is no apparent optimal age for introducing complementary foods, al­
though there is an agreement that it should not be started before the age of 4 
months and not delayed beyond age of 6 months (Michaelsen et al., 2003). Infants 
are expected to develop skills suitable to consume pureed foods between 4 and 7 
months of age, as reviewed in section 1.5.. If complementary feeding begins at 
6 months of age, it is theoretically still within the window of neurological devel­
opment. However, the progression may need to be quicker than those who were 
started earlier in order ensure normal feeding behaviour develops and nutritional 
needs are met (British Dietetic Association Paediatric Group, 2003). Henceforth, 
while it is recommended that all infants should be introduced complementary 
foods at or around 6 months of age, an individualized and flexible approach to 
the optimal age to begin complementary feeding may be warranted, to take into 
consideration physiological development and psychological needs, in the presence 
of growth assessment.
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1.6.3 Current infant feeding recommendations
The WHO’s global recommendations (World Health Organization, 2003) for ap­
propriate feeding of infants and young children are:
i) Breastfeeding should start early, within one hour after birth;
ii) Breastfeeding should be exclusive for six months;
iii) Appropriate complementary feeding should start from the age of six months 
with continued breastfeeding up to two years or beyond.
Appropriate complementary feeding is defined as timely, adequate, safe and prop­
erly fed (World Health Organization, 2003). Foods should be introduced when 
the need for energy and nutrients exceeds what can be provided through exclusive 
and frequent breastfeeding. Foods should also provide sufficient energy, protein 
and micronutrients to meet a growing child’s nutritional needs. To ensure safety 
of complementary foods, foods have to be hygienically stored and prepared and 
fed with clean hands using clean utensils and not bottles and teats. Last but not 
least, responsive feeding should be practiced, meaning that foods are given in con­
sistent with a child’s signals of appetite and satiety, and that the meal frequency 
and the feeding method actively encourages the child to consume sufficient foods 
using fingers, spoon or self-feeding, as deemed suitable for age.
The recommendations apply to normal, full-term infants (including low birth 
weight infants born at > 37 weeks gestation). However, for the infant who is 
fed infant formula milk, the situation is not as clear-cut, as the WHO regards 
infant formula milk as a form of complemetnary food. Nevertheless, many of 
the guidelines are also deemed to be appropriate for the non-breastfed children 
(Dewey, 2003). Based on the physiological and psychological needs of infants, re­
gardless of feeding choices, it seems logical to apply these same recommendations 
for the non-breastfed infant with the exceptions of recommendations regarding 
meal frequency and nutrient content of complementary foods.
To guide policy and programmatic action at the global, national and com­
munity level, the WHO prepared two separate guiding principles reports for the
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feeding of the breastfed child (Dewey, 2003) and the non-breastfed child (Dewey, 
2005). The important aspects of complementary feeding, with highlights of dif­
ferences between the breastfed and non-breastfed child, will be discussed herein, 
with reference to the two reports, respectively (Dewey, 2003, 2005).
The amount of complementary food needed
The breastfed infant should be fed small amounts of food, whilst maintaining 
frequent breastfeeding and the quantities should be increased, as the child gets 
older. The energy needs from complementary foods are estimated by subtracting 
the average breast milk energy intake from total energy requirements at each 
age. Complementary foods for the breastfed infant should provide 130, 310 and 
580 kcal/d at 6-8, 9-11 and 12-23 months, respectively, in developed countries. 
However, for the non-breastfed infant, the amount of complementary foods needed 
are estimated based on the assumption that the energy needs are met by both 
infant formula and solid foods. The total energy needs are 600, 700 and 900 
kcal/d at 6-8, 9-11 and 12-23 months of age.
Nevertheless, it was considered that in practice, caregivers will not know the 
precise amount of breast milk consumed, nor will they be measuring the energy 
content of foods to be offered. Thus, the amount of food to be offered should be 
based on the meal frequency and the energy density of complementary foods and 
the principles of responsive feeding, .
The meal frequency and energy density of complementary food 
Both reports highlighted that the appropriate number of feeds depends on the 
energy density of the local foods and the usual amounts consumed at each feeding. 
For the healthy breastfed infant, meals should be provided 2-3 times per day at 
6-8 months of age and 3-4 times a day at 9-11 and 12-23 months of age, whilst for 
the average healthy non-breastfed infant, meals (includes milk-only feeds, other 
foods, combinations of milk feed and other foods) should be provided 4-5 times 
per day, with no age-specific recommendations. For breastfed and non-breastfed
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infants, suggestions to offer additional nutritious snacks (e.g. a piece of fruit or 
bread) 1-2 times per day as desired, was advocated.
Nevertheless, not all children will need the number of meals suggested and 
the estimates are higher than the average energy requirement, in order to meet 
the needs of nearly all children. For the non-breastfed infant, particular emphasis 
was stressed that caregivers should be attentive to the child’s hunger cues when 
judging how often and how much to feed the child.
The nutrient content of complementary food
Complementary foods should come from a variety of food to ensure that nutrient 
needs are met. Plant-based complementary foods by themselves are insufficient 
to meet the needs for certain micronutrients such as iron and zinc.
Only the guidelines for the non-breastfed infant included a discussion on the 
types of foods suitable as complementary foods. In spite of that, these guidelines 
should be relevant to all infants and young children as well.
• Meat, poultry, fish or eggs: These foods should be eaten daily, or as often as 
possible, because of the rich iron and zinc content, as well as a good source 
of high quality protein.
• Dairy products: The amount of milk needed depends on the amount of other 
animal-source foods consumed, therefore, if an adequate amount of other 
animal-source foods are consumed regularly, the amount of milk needed 
is 200-400 ml/d; otherwise, the amount of milk needed is 300-500 ml/d. 
Dairy products are the richest source of calcium, as well as protein and 
riboflavin. Acceptable milk sources include full-cream animal milk, Ultra 
High Temperature (UHT) milk, reconstituted evaporated milk, fermented 
milk or yogurt and expressed breast milk. Alternative sources of calcium 
can be derived from small fish with edible bones (dried or fresh, with bones 
crushed or otherwise processed so that they are safe to eat), soybeans, 
cabbage, carrots, papaya, dark green leafy vegetables, guava and pumpkin.
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• Grains, legumes: If milk and other animal-source foods are not eaten in 
adequate amounts, both grains and legumes should be consumed daily, if 
possible within the same meal, to ensure adequate protein quality.
• Dark-coloured fruits and vegetables, red palm oil, vitamin A-fortified oils or 
foods: These should be included in the daily diet to provide vitamin A.
• Fruits, vegetables and potatoes: These should be consumed daily with meals 
to provide vitamin C to enhance iron absorption.
• Green leafy vegetables: These are rich in riboflavin, vitamin B6 and folate 
and should be in the daily diet.
In addition, the diet should contain adequate fat content, because it provides 
essential fatty acids, facilitates absorption of fat-soluble vitamins, and enhances 
dietary energy densities and sensory qualities. It was suggested that if animal 
source foods are not consumed regularly, 10-20g of added fats or oils are needed 
and if animal source foods are consumed, up to 5g of additional fats or oils may 
be needed.
Lastly, beverages with low nutrient value, such as tea, coffee and sugary soft 
drinks should be avoided. Tea and coffee contain compounds that can interfere 
with iron absorption. Sugary soft drinks may decrease the childs appetite for more 
nutritious foods as they contribute energy without other nutrients. In addition, 
the amount of juices offered should be limited to avoid displacing nutrient-rich 
foods. The American Academy of Pediatrics (2004) recommends no more than 
180 ml of fruit juice per day.
The food consistency
The guidelines suggested are the same for both the breastfed and the non- 
breastfed infant. Food consistency and variety should be increased, as the in­
fant gets older, whilst adapting to the infant’s requirements and abilities, which 
is dictated by the neuromuscular development of infants. At 6 months of age, 
pureed, mashed and semi-solid foods are begun, by 8 months of age, finger foods
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(snacks that can be eaten by children alone) are accepted, and by 12 months of 
age, family meals (i.e. same types of foods as consumed by the rest of the fam­
ily) are offered. When foods of inappropriate consistency are offered, the child 
may be unable to consume adequate amounts, or may take too long to eat and 
subsequently compromise food intake, or may even increase the risk of feeding 
difficulties.
The use of vitamin-mineral supplements or fortified products 
It was recommended that fortified complementary foods or vitamin-mineral sup­
plements should be used as needed for all infants and young children. Iron sup­
plementation of 8-10 mg/d at 6-12 months and 5-7 mg/d at 12-12 months was 
suggested. Key micronutrients (iron, zinc, calcium, vitamin B12) will need to be 
given if diets are predominantly plant-based or that animal source foods are not 
regularly consumed.
The fluid needs
Fluid needs were only discussed for the non-breastfed infants. Breast milk is 
almost 90% water, hence infants and young children who are breastfed frequently 
generally receive plenty of fluids. The amount of extra fluids suggested was at 
least 800-1200 ml/d (in addition to the 200-700 ml/d of water estimated to come 
from milk and other foods) in hot climates. Pure, clean (boiled, if necessary) 
water should be offered several times per day to ensure that the infant’s thirst is 
satisfied.
Responsive feeding
Regardless of breastfed or non-breastfed, optimal infant feeding depends not only 
on what is fed, but also on how, when, where and by whom the child is fed. This 
was referred to as responsive feeding or a laissez-faire style. The guidelines are 
specifically:
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• Feed infants directly and assist older children when they feed themselves, 
being sensitive to their hunger and satiety cues;
• Feed slowly and patiently, and encourage children to eat, but do not force 
them;
• If children refuse many foods, experiment with different food combinations, 
tastes, textures and methods of encouragement;
• Minimize distractions during meals if the child loses interest easily-
• Remember that feeding times are periods of learning and love- talk to chil­
dren during feeding, with eye-to-eye contact.
1.7 D ietary Assessment M ethods for Infants 
and Young Children
1.7.1 Types of dietary assessment m ethods
Studies of food habits and dietary intakes require the use of dietary assessment 
methods. There are several methods used to assess the diet, such as the 24-hour 
diet recall, diet history, food diary and food frequency questionnaire. The choice 
of method will depend partly on the study design and objectives, partly on the 
availability of resources (including time, interviewers). It is also important to 
consider the respondents’ literacy and commitment. Typically, the methods are 
categorized into (I) prospective, where the diet information is recorded at the 
time of eating; (II) retrospective, where data is collected on the diet eaten in the 
past (Table 1.16.). In general, the main advantage of using retrospective meth­
ods is that minimal burden is placed on the subjects, hence may be favourable 
to encourage high response rate and subjects’ cooperation. However, some accu­
racy may be lost, as the retrospective methods depend entirely on the subjects’ 
memory and judgment.
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Data obtained on food intake is converted to nutrient intake either by direct 
analysis of food samples or by using food composition tables. The duplicate 
portion technique in the food analysis method is by far the most accurate, pro­
vided the sample obtained is identical to the food consumed by the subject (West 
and van Staveren, 1997). However, this method is rarely used, due to the high 
costs involved. The availability of food composition tables and nutrient databases 
provide a cheaper alternative to handle the data. The disadvantage of nutrient 
conversion using food composition tables is that random and systematic errors 
can both present. In today’s technological age, computers can assist the con­
version of food intake to nutrient intake and possibly reduce the occurrence of 
random errors from wrong transcription. It is the systematic error that is more 
difficult to troubleshoot, as the error could be due to the limitations of the number 
of samples for each food analyzed.
1.7.2 D ietary assessment m ethods in infants and children
There are very few studies evaluating methods of dietary assessment used in 
infants and young children. The 24-hour recall method was validated against 
the duplicate portion technique in a cohort of infants and young children aged 
between 4 and 28 months (Horst et al., 1988). Although the calculated and 
analyzed values of nutrients were similar, the 24-hour recall tended to yield higher 
values than the duplicate portion technique and the difference amounted to about 
10% for energy and macronutrients (Horst et al., 1988). It was suggested that 
an over-estimation could be attributed to the food composition table used, as 
otherwise the two methods corresponded well (Horst et al., 1988). More recently, 
Lanigan et al. (2001) validated the estimated food record using the weighed food 
record as a reference amongst infants and young children aged between 6 and 
24 months of age. No evidence of overestimation relative to the weighed food 
record method or statistically significant bias was found (Lanigan et al., 2001). 
Nevertheless, the 24-hour recall and the food record, and to a lesser extent the 
diet history, are able to provide accurate group estimates of energy intake in
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young children under 7 years of age (Livingstone and Robson, 2000).
Collecting data on food intake in infants and young children is potentially 
less complicated, relative to older children and adults, since their dietary intake 
tends to be less diverse than adults. The majority will eat foods that are prepared 
at home, which will facilitate the collection of food intake data. There is some 
evidence to suggest that parents can be reliable reporters of their children’s food 
intake in the home setting (Livingstone and Robson, 2000). In spite of that, the 
reliability of parental report can become questionable in the context of a culture 
where parents are afraid to be seen as negligent, hence there may be a tendency 
towards over-reporting than under-reporting. Lanigan et al. (2001) suggested 
that parents might be motivated to report their child’s diet more accurately if a 
report on the child’s intake is a reward for participating in the study.
The number of days in a dietary assessment required to classify subjects into 
intake distribution patterns depends on the within- to between-subjects varia­
tion (Livingstone and Robson, 2000; Lanigan et al., 2004). The larger the vari­
ation, the more days of recording that are required (Livingstone and Robson, 
2000). Lanigan et al. (2004) observed that the foods offered to the children were 
repetitive within the study period, implying that the within-subject variation is 
lower than the between-subject variation. Hence, for dietary assessment of this 
age group, fewer days of food record are needed than in the adult population. 
Estimated number of days of food records necessary to assess intake of energy, 
protein, fat and carbohydrate with acceptable degree of accuracy were 5, 4, 4, and 
3 respectively, while 2 days of recording were needed for micronutrients like cal­
cium, phosphorous, magnesium, iron, zinc, ascorbic acid and retinol equivalents 
(Lanigan et al., 2004).
A series of possible indicators and measurement approaches for assessing the 
key aspects of appropriate complementary feeding was put forth by (Ruel et al.,
2003) for the WHO. Indicators are data collected through measurement, obser­
vation, or interview that describe a phenomenon that is both unobservable and 
too complex for direct estimation, for example, complementary feeding, which 
encompasses a variety of practices (Ruel et al., 2003). Hence, the usual dietary
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intake is used as a proxy to evaluate the adequacy of the diet to support opti­
mal growth and development. Ruel et al. (2003) recommended the use of the 
quantitative 24-hour recall method as the data collection approach to determine 
the energy and nutrient density (nutrient quality), as well as the feeding (meal) 
frequency.
1.7.3 M easurem ent errors
In retrospective methods, a major limitation is its reliance on the subject’s mem­
ory. There is also a tendency to under-report intakes (especially of fats and 
carbohydrates). Buzzard (1998) reported that the ability to recall food intake 
was associated with several factors, which include the age, gender, intelligence, 
mood, attention and consistency of eating pattern. Using well-trained interview­
ers and conducting the interview in a relaxed and unhurried atmosphere will give 
the subject a chance to carefully reflect on his or her eating behaviour and to re­
member the foods he or she ate. Asking about the previous day’s activities may 
also help subjects to recall their food intake, as will using a checklist of foods 
(Buzzard, 1998). If there is more than one interviewer, particularly in multi­
centre studies, observer bias may be introduced, which can be minimized with 
adequate training or the use of structured forms (Nelson and Bingham, 1997).
Errors in the quantification of portion sizes is associated with imprecision of 
the order of 50% coefficient of variation for foods, and less for nutrients (about 
20%), presumably due to cancellation of error from the use of foods tables (Nelson 
and Bingham, 1997). Use of photographs, food models or models of geometric 
shapes has been shown to improve the precison of portion size estimation, with 
the latter models preferable, as they are less suggestive and can be provided in 
different sizes (Buzzard, 1998).
Another error is introduced by the measurement itself, particularly so for the 
food diary method. The process of a subject being observed, whether from direct 
observation or through recording, is liable to induce behaviour change (Barrett- 
Connor, 1991). The need to weigh and record food intakes may lead to lesser
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intakes and a tendency to choose less complicated composite foods in order to 
make the recording simpler. There may also be an inclination to choose foods that 
are socially desirable or believed to be ideal for them. As a result, the food intake 
report becomes unrepresentative of the diet normally eaten. One suggested way 
to reduce this type of bias is to caution the subjects in advance of the potential 
source of error and ask them to make an effort to avoid any changes in the foods 
they would ordinarily select in the case of keeping food records. For 24-hour diet 
recalls, conducting unannounced interviews may be effective (Buzzard, 1998).
Another potential source of error arises from the variability of food intake 
from day-to-day, since adult individuals do not consume the same food from day 
to day. This is less of a problem with young children, especially infants. Most 
dietary assessment methods do not fully measure daily variation. Nelson and 
Bingham (1997) concluded that for adults, a 3- or 4-day record or 24-hour recall, 
randomized to cover seasonal and weekday variations, seems to be the optimum. 
For the purpose of estimating group means, a single food record or 24-hour recall 
per subject may be adequate. If the purpose of the study requires estimating the 
distribution of individual intakes within the group, it is necessary to collect more 
than one record or recall per subject (Buzzard, 1998). The nutritional needs of 
infants are usually met in a fairly standard way, with the main bulk still supplied 
by milk. The expected low variability in their diets would imply that the dietary 
assessment required for an accurate determination of their food intake would be 
less demanding than that required for adults.
Last but not least, some degree of systematic error can be introduced by the 
method used for the analysis of the food intake data into nutrient intakes data. 
The occurrence of an error may be relatively higher when using food composition 
database for calculation of nutrient than direct food analysis. However, the use 
of computers from the initial step to code food intake data to the final step of 
calculation of nutrient intake can help to minimize human errors. The nutrient 
values in food composition database are often averages for a limited number of 
samples of each food. Therefore, it is always better to use composition tables 
constructed in the study country, where available, in order to reduce further
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errors due to the variability. Such tables providing the nutrient profile of foods for 
adults and infants in Singapore are available (Food Composition Guide Singapore, 
Health Promotion Board (2003)).
1.7.4 M easurement validity
Validity is a measure of relevance, i.e. whether the method measures the appro­
priate items. In dietary assessment methods, relative validity is usually measured 
(in validation studies), in which the measurements of the current usual diet for 
a group of subjects are compared to the measurements obtained for the same 
group of subjects using a method of higher validity but is deemed to be too cum­
bersome to repeat, such as the use of biomarkers. Biomarkers are substances or 
characteristics that can be objectively measured and evaluated as an indicator 
of normal physiological processes or response to therapeutic interventions. Some 
biomarkers have been shown in metabolic studies to closely agree with actual 
food intake, hence can be used as an objective reference. For example, 24-hour 
urinary nitrogen can be used as a measure of the total daily protein intake.
The three areas of concern in measurement validity of the 24-hour diet recall 
method are:
(i) reporting accuracy, which is the extent to which all foods and drinks con­
sumed are reported;
(ii) calculation accuracy, i.e. how well the nutrient calculation reflects the over­
all composition of the actual foods and drinks consumed;
(iii) content accuracy refers to the degree of representation of the usual intake. 
Reporting accuracy
Several studies have compared the 24-hour recall with observed intakes. Under­
reporting of energy intake observed in validation studies appeared to be more 
likely due to omissions in reporting foods than the underestimation of portion 
sizes (Buzzard, 1998). The apparent reason for omitting foods was related to a
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lower frequency of consumption of the foods. Recalls tended to underestimate by 
about 10% although the degree may vary considerably (Buzzard, 1998). When 
compared with estimated and weighed food records, recalls also showed a ten­
dency for lower group means (Bingham et al., 1988). Providing assistance to 
estimating portion sizes, particularly for liquid foods and shapeless items, would 
become necessary to improve the reporting accuracy (Buzzard, 1998).
Calculation accuracy
The accuracy of the calculation of nutrients from foods and drinks depends on 
several factors: the food composition database, analysis software and coding pro­
cedures. Generally, calculated intakes for energy and the macronutrients are 5% 
and 10% higher than the chemically analyzed values (Buzzard, 1998). Variations 
in vitamin and mineral content of foods are much greater than for the macronu­
trients, although calcium is an exception (West and van Staveren, 1997).
Content accuracy
The ‘usual diet’ can be quite difficult to determine, as daily variation in food 
intake is normal. Hence, reproducibility would be typically poor for diet recalls, 
unless multiple recalls are recorded or the sample size is increased. However, diets 
that consist primarily of a small number of foods eaten very regularly can be 
assessed more accurately than diets containing a wide variety of foods relatively 
infrequently (Nelson and Bingham, 1997). Therefore, the number of repeated 
recalls will depend on the within-person daily variation.
1.8 Healthcare Professionals’ Knowledge on 
Infant Feeding
Some studies have reported that the knowledge of breastfeeding amongst nurses 
and doctors was poor (Lewinski, 1992; Freed et al., 1995; Schanler et al., 1999; 
Register et al., 2000). Lewinski (1992) found that many nurses needed to update
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their knowledge of practices related to encouraging successful breastfeeding, such 
as the timing of the baby at the breast. Besides poor knowledge amongst nurses, 
confidence level was low, with fewer than half expressing confidence in working 
with a breastfeeding mother (Register et al., 2000). Similarly, significant deficits 
in knowledge of breastfeeding benefits and clinical management were reported by 
Freed et al. (1995), who surveyed a nationally representative sample of residents 
and practicing physicians in family medicine, obstetric/ gynaecology and paedi­
atrics in the US. It was suggested that deliberate efforts be made to incorporate 
clinically-based breastfeeding training into continuing education workshops, in 
order to prepare physicians for their role in breastfeeding promotion. Schanler 
et al. (1999) echoed the same education needs for paediatricians to improve the 
role of healthcare professionals in promoting breastfeeding successfully. On the 
other hand, Cantrill et al. (2003) studied a group of midwives and their findings 
showed an adequate level of breastfeeding knowledge, in addition to reporting 
a positive role perception and confidence level of the midwives in meeting the 
needs of breastfeeding women. The midwives included in the study were either 
accredited lactation consultants, had more than 6 years of midwifery experience 
or had personal breastfeeding experience.
Comparatively fewer studies have examined the knowledge of complementary 
feeding of healthcare professionals. A recent study conducted in the UK amongst 
a group of pediatric nursing staff, based in all clinical areas in the hospital in ques­
tion, were interviewed regarding their knowledge of recommended practices for 
the introduction and use of specific foods in the weaning diet (Williams and Pin- 
nington, 2003). Knowledge of infant feeding and weaning guidelines was found 
to be limited, for example, questions regarding the introduction of gluten was 
answered correctly by 47% of participants, while 31% of participants correctly 
answered the question on the introduction of cows milk products. Thus, the 
authors strongly recommended that further nutrition education and local dis­
semination of information was needed, if nurses are to continue to advise parents 
on aspects of infant feeding.
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1.9 Aims of the Present Research
There were multiple aims set out in the undertaking of the thesis in Singapore. 
Firstly, the current infant feeding practices in Singapore, both of breastfeeding 
and complementary feeding were to be established. Three major ethnic groups 
were identified in the Singapore population, so similarities and differences in 
dietary habits could also be explored. In addition, as nutrition is one of the 
most important environmental factors that have a direct impact on growth, how 
feeding affects weight and height was to be examined. Secondly, an insight of 
the nutritional intake of the older infant was required to provide information 
of the type and quality of the transitional diet given to infants between 9 and 
11 months old. Home-prepared meals are considered by many parents to be 
equal, or even nutritionally superior, to commercially prepared meals. Hence, the 
nutrient composition of both meals was to be assessed and compared. Finally, 
the proficiency of healthcare professionals in providing accurate and consistent 
infant feeding recommendations was to be determined.
To meet the multiple aims set out, 3 separate studies were planned and con­
ducted independently between 2003 and 2005. The first study of 310 infants 
was intended to provide a baseline idea of current infant feeding practices and 
identify possible areas requiring further investigation. A sub-sample participated 
in a survey to explore mothers’ perception of adult “healthy eating” guidelines 
and it was found that many of them had misconceptions about the importance 
of the guidelines for their young children. Hence, the second study was designed 
to evaluate the nutritional intake of older infants aged between 9 and 11 months 
of age, and comparisons were made with recommendations Singapore and other 
nutrient intake data reported in the literature. In both studies, conformity to in­
fant feeding recommendations was not observed. The third study was necessary 
to determine the level of knowledge of infant feeding recommendations amongst 
healthcare professionals in the primary care setting.
The methodology and results of each study will be discussed in detail in 
Chapters 2, 3 and 4.
Chapter 2 
Infant Feeding Practices in 
Singapore
2.1 Introduction
The goals of infant feeding are complex. It involves the achievement of optimal 
physical growth and mental development according to the genetic potential of 
an infant. It also aims to achieve a healthier childhood and delay the onset of 
degenerative diseases. Breast milk was recognized as the ideal food for infants 
since historic times when the infant mortality rate was high (Barness, 1987), as 
a result of failed attempts to provide appropriate breast milk substitutes. It 
was during the end of the 19th century, when the gross composition of human 
breast milk and milk from other mammals was determined (Barness, 1987), thus 
improvements in the formulation of artificial milk were made. Advancement in 
technology throughout the 20th century enabled the refinement of infant formula 
milk to closely mimic the composition of breast milk, for instance the whey: 
casein ratio. Other examples of fortification of formula milk are the addition of 
taurine, nucleotides and long-chain polyunsaturated fatty acids (arachidonic acid 
and docosahexanoic acid).
National and international health organizations are recommending breast milk 
as the optimal form of nutrition for infants during the first six months of life,
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with breastfeeding continuing for up to 2 years alongside other foods and drinks. 
However, infant feeding is more than just breast or formula milk. The transition 
from a liquid diet of milk during infancy to that of family foods requires special 
infant foods adapted to the physiological and physical abilities of the growing 
infant. When this transition should begin is an area of much debate, for it is 
influenced by infant-driven readiness as much as by environmental factors.
There is limited data available in Singapore of the way infants are fed today. 
This study is timely, in light of the revised WHO recommendations, which have 
been adopted in Singapore (Health Promotion Board, Singapore, 2003), to inves­
tigate the current infant feeding practices in Singapore. Furthermore, there are 
variabilities in the way mothers feed their children (Hamlyn et al., 2002). Eth­
nicity (Millis, 1959; Chua et al., 1990; Fok, 1997), education level (Hamlyn et al., 
2002) and socio-economic factors (Lee et al., 2006; Scott et al., 2006) have been 
shown to have an influence on feeding practices. Therefore, an understanding of 
the current infant feeding practices in Singapore will provide an indication if the 
factors that influence infant feeding practices in other developed countries are 
relevant in the country.
2.1.1 Aims of the study
(i) To recruit a sample of Singaporean infants and young children from 3 ethnic 
backgrounds (Chinese, Malay and Indian)
(ii) To investigate the current infant feeding practices in Singapore with respect 
to:
(a) Milk feeding - breastfeeding prevalence, duration of breastfeeding and 
type of milk feeding
(b) Complementary feeding - age of introduction of solid complementary 
foods, type of first complementary food,
(c) Non-milk beverages - age of introduction and type of non-milk bever­
ages provided
2.2. M ethodology 64
(iii) To investigate ethnic differences in breastfeeding prevalence and comple­
mentary feeding practices amongst the Chinese, Malay and Indian popula­
tion
(iv) To examine the infant, maternal and socio-economic factors that may in­
fluence infant feeding with relation to:
(a) total duration of breastfeeding
(b) age of introduction of solid food
(v) To review the growth performance of the sample population against the 
Singapore growth reference
(vi) To investigate the association of types of milk and age of introduction of 
solid food on growth performance in the sample and subsample respectively
(vii) To explore mothers’ perception of the importance of adult “healthy eating” 
guidelines for infants and whether their perceptions influenced the growth 
of their children
2.2 M ethodology
2.2.1 Ethics approval and consent
The study protocol received ethics approval from the Singhealth Polyclinics Ethics 
Committee on 15th February 2003 (Reference no. SHP 2003/2/001). A written 
information sheet (Appendix Al) regarding the details of the study was explained 
and provided to the mothers/ caregivers before the start of the interview. If they 
agreed to participate, a written consent (Appendix A2) was obtained from the 
mothers/ caregivers. They were also informed that they could withdraw from the 
study at any time without the need to give any reason.
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2.2.2 Design and sample recruitment
Study design
The study was a cross-sectional design, using an interviewer-administered ques­
tionnaire. This was carried out in 3 polyclinics (Bedok, Pasir Ris and Tampines) 
located on the eastern end of the country (Figure 2.1). The location of the poly-
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Figure 2.1: Location of study centres (Bedok Polyclinic, Pasir Ris Polyclinic, 
Tampines Polyclinics
clinics was advised by the administrators of Singhealth Polyclinic to have a higher 
volume of infants and young children in comparison to the other 6 polyclinics in 
the cluster.
A pilot study involving the 3 polyclinics was carried out between 17th and 28th 
February 2003 to test the feasibility of the study design and the questionnaire. 
Forty subjects were recruited during the pilot study. No changes in the study 
protocol arose from the pilot trial. Recruitment began in March 2003, but had to 
be suspended due to an outbreak of Severe Acute Respiratory Syndrome (SARS) 
in Singapore. The outbreak imposed restricted access to the polyclinics and 
the public was also advised to avoid elective procedures at medical institutions. 
Recruitment resumed in July 2003 and continued for 6 months until December 
2003.
Sample size calculation
Statistical assistance (provided by Chan YH) was sought to determine the sample 
size. The calculation was based on the first study objective - to obtain the 
‘ever breastfed’ rate. The ‘ever breastfed’ rate is defined as infants less than 12
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months who were ever breast fed (World Health Organization, 1991). As recent 
breastfeeding data was not available in Singapore at the time the study was 
planned, the estimate was based on the ‘ever breastfed’ rate of 70% in the US 
population (Ryan et al., 2002). Thus, to achieve a 1-width 5% precision on the 
estimates of the outcome, a sample size of 340 was required.
Sample recruitment
All healthy full-term infants aged 4, 5, 6, 9 and 15 months at the time of re­
cruitment were included in the study. The age groups were determined by the 
schedule for immunsations. Infants at 9 months of age were included from the 
growth & development assessment clinic to provide data on complementary feed­
ing practices. Excluded from the study were
• non-Singaporean infants,
• infants born prematurely (less than 37 weeks gestation),
• infants with congenital abnormalities, neurological damage and develop­
mental delay,
• infants with iron-deficiency anaemia and any other conditions requiring 
therapeutic dietary adjustments,
• infants from the ethnic group classified as ‘Others’, due to the inherent 
heterogeneity and diversity, which may obscure any real trend in infant 
feeding practices.
Subjects were recruited personally by the Principal Investigator (P.I.), Han WM, 
who was at each polyclinic on a designated day each week. The health vaccination 
clinic was the primary recruitment centre, as infants and young children aged 3, 
4, 6 and 15 months would visit the clinic for routine vaccination. Whenever there 
was a patient at the health vaccination clinic, the P.I. would first determine if 
the child met the inclusion criteria using information obtained from the child’s 
medical records in the clinic. The growth & development assessment clinic attends
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to infants and young children with ages ranging from 1 to 36 months and was the 
source for recruitment of 9 month old infants. However, the clinic was located in 
different zones within each polyclinic. Thus, at the growth &; assessment clinic, 
the nurse assisted the recruitment by calling the P.I. whenever there was a 9 
month old infant in the queue.
Sampling was done by convenience. The mother/ caregiver was approached 
by the P.I. while thej^ were waiting in the queue. The interview was conducted 
by the P.I. and took place before the administration of the vaccination or growth 
& development assessment. The mother/ caregiver was mostly comfortable to 
be interviewed in the waiting area, as they would not have to worry that their 
turn in the queue would be missed if they had been taken away to a consultation 
room. In the event that they were called in the midst of the interview, they would 
resume the interview after they had completed the procedures.
Data collection
The questionnaire was in English and adapted from those previously developed 
by researchers of infant nutrition from the University of Surrey, UK. The ques­
tionnaire is appended in Appendix Bl. The P.I. conducted all the interviews, 
either in English, where possible, or in Mandarin when required for Chinese­
speaking mother/ caregiver. All the Malay and Indian mother/ caregiver could 
communicate in English. As the interviews were conducted by a single person, 
inter-interviewer variation was minimized, hence a questionnaire test-retest was 
not necessary to test the validity of the questionnaire (advised by the statistician). 
As the questionnaire was to survey about practices, which is subjective informa­
tion, a reliability check on the questionnaire was also not necessary (advised by 
the statistician).
The questionnaire was divided into 8 sections. First, anthropometric data 
(weight, length and head circumference) at birth and the past (at 3 and 9 months 
where available) were collected from the infant’s health booklet. An example of a 
health booklet is appended in Appendix C. The health booklet is given to every
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newborn infant at the hospitals in Singapore for parents to keep a record of the 
child’s health and growth status. For current status, the P.I. took measurements 
on the spot, using the standard methods descibed below.
• Weight was measured using a standardized electronic infant weighing scale 
(Model: Seca 231, Seca 727 or Soehnle digital scales) to the nearest 0.001 
kg. The different models of scales were equilibrated at the beginning of 
each clinic using a known weight. If there was a discrepancy, the difference 
was subtracted from every weight measurement thereafter. This procedure 
was repeated at all clinics to ensure accuracy. All children were weighed 
wearing clean diapers and a minimum of clothing.
• Height was measured as the supine length using a length-board (Seca 231) 
and measurements were to the nearest 0.1 cm. With the child lying down, 
the parent was asked to hold the head of her child against the fixed end of 
the length-board, whilst the investigator adjusted the perpendicular sliding 
side to the heel of the child. The footwear and any head ornaments were 
removed.
• The head circumference was measured using a flexible and non-stretchable 
tape measure, to the nearest 0.1cm. The largest circumference of the head 
was measured by placing the tape firmly just above the eyebrow's (subraor- 
bital ridges), passing it round the head at the same level at each side and 
over the most prominent part of the back of the head (occiput).
The second section collected data on milk feeding practices from birth to the 
point of interview. Information on the types of milk feeding was collected in 
weeks up to 2 months in order to capture the variability in feeding practices 
during the initial period (Figure 2.2). Questions in the milk feeding practices 
section also included reasons for not initiating or discontinuing breastfeeding and 
reasons when there wTas switching of milk formula brands.
Thirdly, a large component of the questionnaire was on weaning practices 
(Refer to Appendix Bl). Information on the timing and types of complementary
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2.1. Which type(s) of milk have you fed to your baby and at what ages were the milk(s) 
given? If used more than one type of milk at the same time, mention all types.
Breast milk o n ly a 
Breast + form ulab 
Infant form ula0 
Follow-on form ulad 
S o y  form ula6 
Growing-up m ilkf 
W hole cow  m ilk9 
Low fat/Skim m ilkh 
G oat's m ilk1
O th ers1
(please specify 
 )
Figure 2.2: Collection of data on milk feeding practices (part of questionnaire)
food introduced, the time and progression of introduction of specific foods was 
collected in the third section. The fourth section asked parents to rate the im­
portance of various “healthy eating” guidelines with respect to their baby’s diet 
(Figure 2.3).
Data on the types of drinks offered to the infants since birth was also col­
lected in the same format as the milk feeding practices in the fifth section. In 
addition, some questions on food allergy and gastroenteritis were also included 
to determine if it was an area of concern in Singapore, as were some questions on 
vitamin supplements, which would provide an idea of the frequency of usage. The 
frequency of responses to the food allergy and gastroenterities and the vitamin 
supplements sections was low, hence the responses were not reported. Lastly, the 
demographic data on the parents and socioeconomic status was intended to be 
the last section, in view of the sensitivity of the questions.
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4.1. How important do you think it is for babies to have the following? Please tick the 
appropriate boxes.
Not important0 Important1 Verv Imoor
Wide variety of foodsa □ □ □
Plenty to drinkb □ □ □
Low sugar intake c □ □ □
Additive-free foodsd □ □ □
Low salt intake 6 □ □ □
High fibre intake1 □ □ □
Low fat intake9 □ □ □
Plenty of caloriesh □ □ □
Figure 2.3: Collection of data on the mothers’ perceptions of the importance of 
adult “healthy eating” guidelines for their children (part of questionnaire)
2.2.3 Statistical analysis
Data entry
Data were entered by the P.I. in Microsoft Access database and subsequently 
converted to a file compatible for use in the Statistical Package for Social Sciences 
(SPSS) version 11.5 for statistical analysis. Verification of data was undertaken 
by checking ranges and frequency tables to ensure that there were no missing or 
abnormal values in the data set. If there was any missing or abnormal value, 
the original data collection form was checked and corrections were made where 
necessary.
Descriptive analysis
Descriptive analyses, such as frequencies, mean with standard deviation (s.d.) 
were used to summarize demographic variables, as well as milk and complemen­
tary feeding practices, e.g. duration of breastfeeding, age of introduction of solid 
food. If the distribution did not follow the normal distribution, the median with 
range was used.
The anthropometry data was described in 3 ways. Firstly, the measurements 
taken at the point of study were plotted on the current growth charts used in
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Singapore (Anthropometric Studies on Pre-school Children in Singapore, 2000) 
and are appended in Appendix D. Secondly, the values were categorized into 4 
groups, which were Group 1: Less than 3rd percentile; Group 2: 3rd to less than 
50th percentile; Group 3: 50th to 97th percentile and Group 4: more than 97th 
percentile. The cut-off values for each group were determined using the growth 
charts and the values are shown in Appendix E. Thirdly, the mean standard devi­
ation z-scores were calculated to represent the weight, length and head circumfer­
ence status in relation to the population (Anthropometric Studies of Pre-school 
Children, 2000). Z-scores were calculated using the following equation:
individual value — specified meanz-score = ---------------  — -------- ---------------s.d. of sample
where ‘specified mean’ refers to the mean of the reference population (value at 
the 50th percentile of the Singapore growth reference).
Comparative analysis
Statistical significance was set at p < 0.05. Chi-square analysis was used to test 
the significance of differences in the proportions of infants between ethnic groups 
and feeding types. Group mean comparisons between 2 groups (e.g. gender) 
were made by the Independent-samples Student’s t-test, if data was normally 
distributed or the Mann-Whitney U Test, if the data was non-parametric. When 
there were 2 or more groups (e.g. ethnic groups), either the One-way Analysis of 
Variance (ANOVA) or the Kruskal-Wallis Test was used for examining differences 
between groups for parametric and non-parametric data respectively.
A logistic regression was performed to explore whether gender, race, birth or­
der, mother’s educational level, mother’s employment status and average house­
hold income can predict whether mothers will breastfeed exclusively at birth. 
As the total duration of breastfeeding is a continuous variable, an Analysis of 
Covariance (ANCOVA) was used to determine the influence of the same factors.
Another logistic regression was performed to explore whether gender, race, 
birth order, birth weight and weight at 3 months of age of the infant, mother’s
2.2. M ethodology 72
educational level, mother’s employment status and average household income can 
predict the early or late introduction of solid food.
To examine the effect of types of milk fed on growth at 3 months of age, the 
sample was first categorized into 3 milk feeding groups based on the types of 
milk fed from birth to 3 months of age. The categories were (a) exclusively & 
predominantly breastfed (breastfed group, n =  39), (b) breastmilk supplemented 
with formula milk (mixed fed group, n =  45) and (c) infant formula milk fed 
(formula fed, n =  53). The remaining subjects who were not grouped into the 
three milk groups did not stay in the same group for the entire period, hence 
they could not be included in the analysis. Secondly, for each of the three feeding 
groups, mean z-scores were calculated based on the sample for weight and length 
at 3 months of age. Third and finally, differences between the feeding groups were 
examined using Two-way ANOVA, with the mean z-score for weight or length at 
3 months of age as the dependent variable and the feeding group and the mother’s 
educational level as independent variables. The educational level of the mother 
is known to influence feeding styles of mothers and hence the infant’s growth and 
nutrition (Hof et al., 2000). In addition, an analysis of covariance was used to 
assess whether the duration of breastfeeding and the age of introduction of solids 
had any influence on weight and length at 9 months of age. Additional variables 
included in the analysis were gender and mother’s educational level.
Analysis of responses to food concerns
Responses to the questions on food concerns were recoded into 2 groups: ‘not 
important’ or ‘important or more’ for the 2 groups who responded ‘important’ 
or ‘very important’, as we were interested to detemine how parents perceive the 
importance of adult “healthy eating” guidelines when feeding their infants. The 
responses were summarised using frequencies per race and the Chi-square analysis 
was used to test for significance of differences between the groups. Factor anal­
ysis, using principal components analysis was used to identify if there were any 
inter-correlations among the set of variables, in order to form ‘clusters’, which
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may be helpful for interpretation. A logistic regression using potential predic­
tors (gender, race, income group, mother’s age and education) on the responses 
was performed, to determine how mother’s perceptions towards “health eating” 
guidelines for their children can be predicted. The odds ratio (OR) and the 95% 
C. I. were calculated. To examine whether the mother’s perceptions of the guide­
lines influenced the growth of their infants, the Student’s T-test was performed 
for each variable and the weight gain achieved between 3 and 9 months of age.
2.3 Results
2.3.1 Description of the sample population
Aim (i) Recruit a sample of infants and young children from 3 ethnic groups 
in Singapore
Sample number
A total of 311 mother-infant pairs were approached and all mothers consented 
to participate in the study. However, 1 questionnaire was incomplete. The final 
sample size was reduced to 310 mother-infant pairs.
Ethnic distribution
As shown in Table 2.1, amongst the 310 subjects, 61% (n =  189) were Chinese 
infants, 31% (n =  97) and 8% (n =  24) were Malay and Indian infants respectively. 
There was a lower proportion of Chinese and higher proportion of Malay infants 
in the sample than the national ethnic ratio.
Characteristics of infants
Gender distribution was nearly equal in the sample: 49% (n =  151) were boys. 
As shown in Table 2.2, the infants were evenly sampled within the overall sample, 
at each age groups between 4 and 15 months of age, except at 9 months of age. 
Under half of the infants were first-born in the family (43%). The infants were
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Table 2.1: Distribution of infant ethnic group within the overall sample and in 
comparison to national data (Singapore Department of Statistics): expressed as 
% of overall sample
Overall sample (n =  310) National population1
n % Ethnic composition2 (%)
Chinese 189 61 75.6
Malay 97 31 13.6
Indian 24 8 8.7
1 P o p u la tio n  d a ta  from  G enera l H ou seh o ld  Su rvey  2005
2 ‘O th ers’ group  w as exclu d ed , hen ce  p ercen tage  d o es  n o t add  up to  100%
Table 2.2: Infant demographic data (gender, age group, birth order, care-giver) 
for overall sample and compared by ethnic groups: expressed as % within overall 
sample and each ethnic group
Overall Chinese Malay Indian
(N =  310) (N =  189) (N =  97) (N =  24)
n % % % %
Gender
- Male 151 49 46 58 38
- Female 159 51 54 42 62
Age group 
- 4 months 71 23 21 24 33
- 5 months 58 19 17 22 21
- 6 months 81 26 28 8 25
- 9 months 26 8 8 24 12
- 15 months 74 24 26 23 8
Birth order
- First-born 132 43 44 38 58
Care-giver 
- Mother 114 37 32 42 50
- Grandparents 133 43 46 40 29
- Others1 63 20 22 18 21
1 Other caregivers included domestic helper, nanny, infant care centre
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most commonly cared for by their grandparents (43%), followed by their mothers 
(37%). A higher proportion of Indian infants were cared for by their mothers 
(50%), than the Chinese who were mostly cared for by their grandparents (46%).
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Figure 2.4: Distribution of caregiver (mother, grandparents or others, which 
includes domestic helper, nanny and infant care center) by the infant’s age group
Figure 2.4 shows that the proportion of infants cared for by mothers and 
grandparents during the first 6 months were similar. However, for infants aged 9 
months, more grandparents than mothers were the primary caregiver. It was rel­
atively uncommon for infants aged 4 months to be cared primarily by others, such 
as domestic helper, nanny or infant care centre, and this remained consistently 
low at the other ages.
Table 2.3 shows the birth anthropometric at birth. There were no statistically 
significant differences in the weight and head circumference at birth between the 
ethnic groups. However, Chinese male infants were found to be longer than their 
Malay counterparts at birth and the difference was statistically significant (p = 
0.033); no differences were found when the Chinese infants were compared with 
the Indian infants.
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Table 2.3: Anthropometry data at birth for overall sample and compared by 
ethnic groups: expressed in grams and centimetres respectively
M ale
O verall 
(N  =  151)
C h in ese  
(N  =  86)
M alay  
(N  =  56)
In d ian  
(N  =  9) p -va lu e1
M ean S .D . M ean S .D . M ean S .D . M ean S .D .
Weight (g) 3129.5 379.2 3147.6 382.6 3108.3 387.3 3087.6 379.2 n s 2
Length (cm) 49.4 2.1 49.7 2.0 48.8 2.2 49.4 1.3 0.043^
OFC (cm) 33.7 1.4 33.6 1.3 33.9 1.5 34.0 0.7 NS2
F em ale
O verall 
(N  =  159)
C h in ese  
(N  =  102)
M alay  
(N  =  41)
In d ian  
(N  =  15) p -va lu e1
M ean S .D . M ean S .D . M ean S .D . M ean S .D .
Weight (g) 3098.5 387.1 3083.7 369.0 3174.9 415.6 3098.5 387.1 NS2
Length (cm) 49.4 1.9 49.1 1.9 48.8 2.1 48.8 1.9 NS2
OFC (cm) 33.3 1.4 33.3 1.4 33.3 1.2 33.1 1.9 NS2
1 One-Way ANOVA performed on mean weight, length and OFC
2 NS =  not significant (p >  0.05)
3 Tnkey post-hoc test: Chinese infants are significantly longer than M alay infants (p =  0.033)
Characteristics of mothers
The mean age of mothers was 31.3 years (s.d. 4.9), with the youngest mother at 
20 years old and oldest mother at 45 years old. Table 2.4 shows that mothers of 
Chinese infants had a significantly higher mean age than the Malay (p =  0.037), 
but not significantly higher than the Indian.
Table 2.4: Mother’s age by ethnic group: expressed in years
M ean
(yr)
S .D . M edian
(yr)
M in im u m
(yr)
M axim u m
(yr)
p -v a lu e1
Chinese (n =  189) 31.9 4.6 32 20 45 0.0372
Malay (n =  97) 30.2 5.4 30 20 41 0.037^
Indian (11 =  24) 30.6 5.3 31 22 40 NS'1
1 One-W ay ANOVA performed on mean weight, length and OFC
2 Tukey post-hoc test: Chinese infants are significantly longer than M alay infant (p <  0.033)
3 NS =  not significant (p >  0.05)
As Figure 2.5a shows, there was a wide range in the ages of the mothers 
of children at each age group, but the mean age of the mothers of children of 
different ages did not differ significantly (p =  0.233). Mothers with one child in 
the family were younger than mothers with more than one child in the family
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^  40
N 132 176
^  40
4  5  6  9  15 first-born n ot first-born
Infant’s  a g e  (m o n th s )  P ar ity  o f  in fan t
(a) By Infant’s Age (b) By Parity of Child
Figure 2.5: Distribution of mother’s age (in years) by infant’s age and parity of 
child
(Figure 2.5b) and the difference was statistically significant (p < 0.001).
The socio-economic status of the mothers are shown in Table 2.5. Out of 
the overall sample, 16% of the mothers were graduates. The Malay mothers, 
when compared to the Chinese and Indian mothers, had fewer graduates (9% 
versus 17% Chinese and 38% Indian). The majority of the mothers were in full­
time employment, with a higher proportion of Chinese working mothers (62%) 
compared to their Malay and Indian counterparts (56% and 50% respectively). A 
higher percentage of the home-makers had ’O’ level standard education or below 
(64%) compared to those with tertiary level education (36%). Six out of the 
10 smokers had income below the average. Over half of the sample had gross 
monthly income below the average, but a higher proportion of Malay families 
did not meet the average income level (81%) as compared to the other 2 ethnic 
groups. Amongst the families who did not meet the average income level, 75% of 
the mothers were not in any employment. The majority (95%) live in standard 
housing, i.e. government-subsidized flats.
2.3.2 Breastfeeding practices and duration of 
breastfeeding
Aim (ii) Investigate the current infant feeding practices in Singapore for
(a) breastfeeding
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Table 2.5: Maternal socio-economic data for overall sample and compared by 
ethnic group: expressed as % within sample and each ethnic group
O v era ll1 C h in e se M a la y In d ia n
o
'
r-HCOIIg, (N  =  1 89 ) (N  =  97 ) (N  =  24 )
n % % % %
Education
- 0  level or less 177 57 54 66 50
- A level or diploma 81 26 29 25 13
- Graduate or above 50 16 17 9 38
Employment 
- Full-time 182 59 62 56 50
- Part-tim e 12 4 5 3 0
- Home-maker 113 37 32 41 50
- Unemployed 2 1 1 0 0
Smoker
- yes 12 3 3 6 0
Gross m onthly income
- Above average2 127 42 52 19 54
Housing 
- 3-room flat or smaller 45 15 13 15 29
- 4-room flat or bigger 247 80 80 84 67
- Private housing 16 5 7 1 4
1 M issing data , therefore to ta l do not add up
2 A verage incom e is SS3500 (G H S2005; £1  ~  S$3.05 as o f 2 3 /0 1 /2 0 0 7 )
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The ‘ever breastfed’ rate in the sample population was 82%. There were 4 milk 
feeding modes at birth: 11% (n =  34) and 18% (n =  55) of the infants were 
exclusively and predominantly breastfed respectively, while 53% (n =  164) and 
18% (n =  57) of the infants were given breastmilk, supplemented with infant 
formula and solely given infant formula respectively (shown in Figure 2.6). Infant
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Figure 2.6: Types of milk (breast milk and infant formula milk) infants received 
at birth, 3 and 6 months of age: EBF =  exclusively breastfed, PBF =  predomi­
nantly breastfed, MBF = mixed breastfed, IFF =  infant formula fed; * included 
infants who had been introduced to complementary foods
formula was introduced at a median age of 1 month. By 3 months of age, infant 
formula feeding was the most common (64%). Seven out of 181 infants aged 6 
months and above (4%) continued to receive breastmilk only at 6 months of age, 
but they had also been introduced to complementary foods. Therefore, none of 
the infants were exclusively breastfed for the first 6 months of life. The majority 
of the infants (76%) had stopped breastfeeding and were fed solely infant formula 
at 6 months of age. Three infants reportedly received soy formula at 3 months 
of age, and only 2 remained on the formula by 6 months of age. One infant was 
started on goat’s milk formula from 1 month of age and continued until the time 
of the interview. Follow-on formula was mostly given from 6 months, with the 
exception of 2 infants who started at 2 and 5 months.
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The median duration of breast feeding was 2 months (range 1 week - 18 
months). Various reasons were cited by mothers for not initiating breastfeeding 
and stopping breastfeeding (Table 2.6). There was no significant difference in the
Table 2.6: Reasons cited by mothers for not initiating breastfeeding and stop­
ping breastfeeding
R e a so n s  c ite d  for R e sp o n se
s to p p in g  b r e a s tfe e d in g
N %
Insufficient milk 66 34
Return to work 51 26
Baby rejection 25 13
Medical reasons (unspecified) 13 7
Inconvenience 9 5
Difficulty latch-on 6 3
P a in / Discomfort 6 3
Mother is tired / no tim e 4 2
Lack of support 3 1.5
Baby has jaundice 1 0.5
Baby has colic 1 0.5
Baby has diarrhoea 1 0.5
Mother separated from child 1 0.5
Mother is pregnant 1 0.5
Mother is a smoker 1 0.5
Followed recommendation to 1 0.5
6 months
No specific reasons 1 0.5
No response 6 3
R e a so n s  c it e d  for  n o t  
in it ia t in g  b r e a s t fe e d in g
R e sp o n se
N %
Medical reasons (unspecified) 8 14
No m ilk/insufficient milk 7 13
Inconvenience 6 11
Return to work 4 7
P ain / Discomfort 4 7
Baby rejection 4 7
Ginger intake/ baby jaundice 3 5
Mother is a smoker 3 5
Difficulty latch-on 3 5
Inexperience/ no knowledge 2 4
Previous unsuccessful at­
tem pt
1 2
Adopted child 1 2
Diet 1 2
No specific reason 1 2
No response 8 14
mean age of mothers who initated breastfeeding and those who did not breastfeed 
at all. Amongst mothers who did not breastfeed at all, 62% were in full-time em­
ployment, while 39% were full-time homemakers, however this difference did not 
reach statistical significance (p =  0.549). There were significantly more moth­
ers with ‘O’ level or under level of education than those with tertiary education 
amongst the mothers who did not breastfeed (75% vs 25%, p =  0.004). The age, 
education level and average household income of mothers who stopped breast­
feeding before 6 months were not significantly different from those who continued 
beyond 6 months. However, 65% of mothers who stopped breastfeeding before 6 
months were in full-time employment (p =  0.043).
2.3. Results 81
2.3.3 Introduction of complementary foods
Aim (ii) Investigate the current infant feeding practices in Singapore for 
(b) complementary feeding
More than 50% of the mothers interviewed said that they received some infor­
mation on when and how to introduce solid foods. Most of them obtained such 
information from books or magazines (35%). The doctor or nurse at the poly­
clinic (30%), their own parents (28%) and relatives (21%) were among the other 
common sources of information.
At the time of the survey, 273 mothers had initiated solid foods, representing 
88% of the overall sample, and comprised of 162 Chinese (59%), 89 Malay (33%) 
and 22 Indian (8%). The results reported on complementary feeding in this 
chapter are from this sub-sample, unless otherwise stated.
Age of introduction of solid food
The mean and median age of introduction of solid food was 4.3 months (s.d. 0.9) 
and 4 months (range 0.3 - 7.0 months) respectively. As shown in Figure 2.7, by 
the end of the third month of age, 10% (n = 27) had been introduced to their 
first solid food. The majority (n =  211, 77%) had been introduced solid foods by 
the end of the fourth month, while nearly all (n =  271, 99%) had been introduced 
solid foods by the end of the sixth month. Figure 2.7 also clearly shows that solid 
foods were introduced to the majority between the fourth and sixth month of 
age.
Choice of ‘‘first solid food” introduced
Rice cereal was the most common food to be introduced first (n =  198, 72.5%), 
followed by wheat-based cereal (n =  38, 13.9%), as Figure 2.8 shows. Other foods 
that were reported to be introduced as the first food included pureed fruits, baby 
rusks, plain rice porridge and non-fruit dessert (e.g. custard).
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Figure 2.7: Proportion of infants (%) introduced solid foods by the end of the 
3rd, 4th, 5th and 6th months of age: each shaded bar represents the proportion at 
the respective months and whole bar represents the cumulative proportion at the 
respective months
rice cereal *
wheat cereal * i ______ 138 (13.9%)
pureed fru itA "□11 (4.0%)
mixed cereal * 3 5 (1.8%)
baby rusk □ 5 (1.8%)
plain porridge ** 3 4 (1.5%)
non-fruit dessertA □ 4 (1.5%)
unsure cereal AA □ 3 (1.1%)
pureed veg A 1 (0.4%)
pressed rice ** 1 (0.4%)
mixed porridge ** 1 (0.4%)
egg yolk 1 (0.4%)
bread 1 (0.4%)
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Figure 2.8: Type of the first solid food offered to the infants, in descending 
order of popularity: expressed as number of infants, with percentage within sub­
sample (n = 273) in parentheses (* packaged cereals, "commercial baby jar foods, 
** home-prepared foods, " "packaged cereals but unsure of type)
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Age of introduction of various foods
Table 2.7 shows the median age when certain foods were introduced to the infant, 
with the minimum and maximum ages that these foods were ever given. For 
each food, the number of infants who were included is also shown, as not all 
mothers interviewed could recall when they had introduced the specific food or 
not all foods have been introduced. As Table 2.7 shows, the foods introduced
Table 2.7: Age of introduction of various solid foods during the complementary 
feeding period, arranged in ascending order: expressed in months
Food N Age of introduction (months)
Median Minimum Maximum
Baby cereals 267 4 1 7
Bottled foods 96 5 3 12
Baby biscuits/teething rusk 150 6 1 12
Rice porridge 159 6 3f 12
Vegetable 145 6 4 13
Fruit 152 6 2 i 15
Fish 122 6 3f 15
Bread 112 7 4 14
Meat 87 7 4 15
Bean/bean products (tofu) 96 7 4 14
Egg yolk 99 8 3 15
Yogurt 31 8 3 15
Egg white 87 9 3 15
Cheese 64 9 5 15
Noodle/pasta 73 11 5 15
between 4 and 6 months to the majority of infants were mainly carbohydrate- 
rich foods like baby cereals, rice porridge and fruits, with the exception of fish. 
Fish was more commonly introduced as the main protein-rich food than meat. 
The earliest introduction of fish was before 4 months of age. Of the infants that 
had been introduced to any type of meat (n =  87), pork and chicken were equally 
common as the first type of meat to be introduced (45% and 43% respectively). 
In comparison to the other foods in the table, yogurt and cheese were not often 
introduced. The wide age range of introduction of different foods indicated that 
practices were highly variable in the population.
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Addition of solids into the feeding bottle
The practice of adding cereals into milk feeding bottles at the initiation of solid 
foods was reported by 44% of the sub-sample. This practice lasted between 1 week 
and 1 year (median duration of 1.5 months). Amongst the mothers who added 
cereals into the bottles, 70% had ‘O’ level education versus 30% with tertiary 
education (p < 0.001). There was no statistical difference in the mother’s age 
between the two groups. Amongst the infants who received cereals in the feeding 
bottles, 48% were cared for by grandparents, while 36% and 16% were by mothers 
or others respectively. The difference was not statistically significant.
2.3.4 Introduction of non-milk beverages
Aim (ii) Investigate the current infant feeding practices in Singapore for 
..(c) non-milk beverages
In addition to milk, mothers also fed their infants a range of beverages, as shown 
in Table 2.8. Besides plain water being given after birth, glucose water, honey
Table 2.8: Age of introduction of non-milk beverages, arranged in ascending 
order: expressed in months
Food N Age of introduction (months)
Median Minimum Maximum
Plain water 301 <1 <1 7
Glucose water 65 3 <1 12
Honey water 74 4 <1 12
Barley water 109 4 <1 12
Herbal tea 13 4 1 11
Baby bottled juice 81 5 2 12
Home-made juice 74 5 2 12
Chrysanthemum tea 31 5 <1 12
Bottled water 14 6 <1 12
Tea/Coffee 5 6 4 12
Fruit squash 35 8 <1 12
Fizzy drinks 14 12 5 12
water and barley water were also introduced very soon after birth to the infant,
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but was more common around 3 to 4 months of age. Herbal tea was given to 
a small group of infants mainly at 4 months of age. Baby bottled juices and 
home-made juice were equally favoured around 5 months of age. Coffee and tea 
had been offered to 5 infants between ages 4 and 12 months. Fizzy drinks were 
reportedly given after 1 year of age for those infants who were introduced to these 
beverages.
2.3.5 Ethnic differences in breastfeeding and 
com plem entary feeding practices
Aim (iii) Investigate ethnic differences in breastfeeding prevalence and 
complementary feeding practices
‘Ever breastfed’ rate
The ever breastfed rate was significantly lower amongst the Chinese compared to 
the Malay (p =  0.001), but the difference between Chinese and Indian was not 
significant (Table 2.9). The proportion of Indian infants exclusively breastfed at
Table 2.9: Infants ‘ever breastfed’ and exclusively breastfed at birth compared 
by ethnic groups: expressed as % within ethnic group
Chinese 
(n =  189)
M alay 
(n =  97)
Indian  
(n =  24)
p-value1
Ever breastfed (%) 75.72 91.82 91.7 0.002
Exclusively breastfed at birth (%) 8.53 12.4 253 0.044
1 Chi-square test
2 Significantly lower proportion of Chinese than Malay infants to ‘ever breastfed’ (p =  0.001)
3 Significantly lower proportion of Chinese than Indian infants exclusively breastfed at birth
(p =  0.012)
birth was significantly higher than the Chinese (p =  0.044), but not significantly 
higher than the Malay infants (Table 2.9).
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Total duration of breastfeeding
The total duration of breastfeeding was calculated from the initiation of breast­
feeding to the cessation of any form of breastfeeding (exclusive, predominant and 
mixed breastfeeding). Table 2.10 shows that the Malay infants received any forms 
of breastfeeding for a longer duration than the Indian and Chinese, however the 
differences were not statistically significant.
Table 2.10: Total duration of breastfeeding1 compared by ethnic groups: ex­
pressed in months
M ean
(m onths)
S.D. M inimum
(months
M aximum
(months)
p-value2
Chinese (n =  40) 2.7 3.0 0.25 15 NS3
Malay (n =  42) 3.6 3.8 0.25 18 NS3
Indian (n =  13) 3.1 1.6 0.25 6 NS3
1 Total duration of breastfeeding calculated from the initiation of breastfeeding to the time when 
any form of breastfeeding ceased
2 One-Way ANOVA performed
3 NS =  Not significant (p >  0.05)
Age of introduction of solid food
The Malay infants were introduced solid food at an earlier mean age (4.1 months, 
s.d. 1.2) than both the Chinese and the Indian infants (4.4 months, s.d. 0.7 and 
4.3 months, s.d. 0.7 respectively), although the differences were not statistically 
significant (Table 2.11). The earliest and latest ages to be introduced to solid food 
were 0.3 months and 7 months of age respectively and both occurred in Malay 
infants (Table 2.11). In addition, a statistically significant higher proportion of 
Malay (n =  17, 19%) than the Chinese (n =  10, 6% ) received solid foods before 
4 months of age (p =  0.002), while none of the Indian infants received solid foods 
before this age (p =  0.026).
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Table 2.11: Age of introduction of solid food compared by ethnic groups: ex­
pressed in months
M ean
(m onths)
S.D. M inimum
(months)
M axim um
(m onths)
p-value1
Chinese (n =  40) 4.4 0.7 2.5 6 NS2
Malay (n =  42) 4.1 1.2 0.3 7 NS2
Indian (n =  13) 4.3 0.7 4.0 6
CO
1 One-Way ANOVA performed
2 NS =  Not significant (p >  0.05)
Choice of first solid food
Although rice cereal was the most popular choice of first solid food offered to 
infants for all ethnic groups, there were slight variations in the variety of choices. 
Wheat cereal was offered to Malay infants (24%) as the first solid food more 
commonly than the Chinese or Indian infants (9% and 14% respectively) and 
this difference reached statistical significance between Chinese and Malay (p =  
0.001). Another observation was the use of home-cooked plain or mixed porridge 
as the first solid food amongst Chinese infants only.
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2.3.6 Influence of infant, maternal and socio-econom ic 
factors on breastfeeding
Aim (iv) Examine the infant, maternal and socio-economic factors that may 
influence (a) exclusive breastfeeding and total duration of breastfeeding
The factors examined were
• infant factors: gender, ethnicity, birth order;
• maternal factors: mother’s education level, mother’s employment status;
• socio-economic factor: average gross monthly income
Factors influencing exclusive breastfeeding at birth
None of the infant factors examined had a significant influence on whether the 
infants were exclusively breastfed at birth. The mother’s education level and em­
ployment status were found to be significantly associated with whether mothers 
will breastfeed exclusively at birth. Mothers with tertiary education were nearly 
5 times more likely to exclusively breastfeed their infant at birth than those moth­
ers who had received up to ‘O’ level education (p =  0.001, 95% C.I. 1.89, 12.86). 
Stay-home mothers were about 2.6 times more likely to exclusively breastfeed 
their infants than those who are in full-time employment (p =  0.026, 95% C.I. 
1.12, 6.05). The monthly income did not produce significant results.
Factors influencing the total duration of breastfeeding
The birth order, mother’s education level and employment status were found to 
be significantly associated with the total duration of breastfeeding. First-born 
infants stopped breastfeeding 1.3 months earlier than those who had siblings (p 
= 0.002). Mothers with lower education (‘O’ level or less) breastfed for shorter 
duration than mothers with tertiary education by 1.1 months (p =  0.0013). Stay- 
home mothers breastfed for 1.5 months longer than mothers who returned to 
full-time employment (p =  0.001).
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2.3.7 Influence of infant and maternal factors on the age 
of introduction of solid foods
Aim (iv) Examine the infant and maternal factors that may influence
(b) the age of introduction of solid foods
We explored whether gender, ethnicity, birth order, birth weight and weight at 
3 months old, mother's age, mother's education level and mother's employment 
status will predict whether solid foods will be introduced before or after 6 months 
of age. The age of introduction of solid foods was predicted by the race, mother’s 
age and employment status. The other variables were not significant predictors. 
Indians were 5.6 times more likely than Chinese to delay the introduction of solid 
foods till 6 months (p =  0.007, 95% C.I. 1.61, 19.32). Mothers aged between 29 
and 31 years of age were 5.7 times more likely than younger mothers (those aged 
28 years of age or less) to delay the introduction of solid foods till 6 months (p 
=  0.006, 95% C.I. 1.64, 19.69). Stay-home mothers were more likely to delay the 
introduction of solid foods till 6 months than mothers who are employed full-time 
(Odds Ratio of 3.2, p == 0.002, 95% C.I. 1.20, 8.30).
2.3.8 Review of the growth performance of the sample
Aim (v) Review the growth performance of the sample population against 
the Singapore growth reference
Weight
The majority of the sample fell within the 3rd to the 97th percentile (91.4% and 
91.8% for boys and girls respectively) as shown in Figure 2.9. More than 60% of 
the boys weighed lighter than the average expected weight-for-age, i.e. between 
the 3rd to the 50th percentile. More boys than girls were underweight (< 3rd 
percentile; 5% of the boys versus 1% of the girls). On the other hand, a similar 
proportion of girls were above the average weight-for-age, with 6% above the 97th 
percentile.
Figure 2.10 shows the distribution of the z-score for weight-for-age for both
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Figure 2.9: Distribution of weight of the overall sample by percentile groups
genders combined. A slight skewness to the left for all ages, except at birth and 
15 months of age, indicated that the children sampled were on average lighter 
than the reference population. The data also implied wide variability in the 
measurements.
Length
The children in the study appeared to be on average longer than the reference, 
as shown in Figure 2.11. None of the girls had length below the lowest per­
centile. More boys than girls were longer than the 97th percentile (9% versus 3% 
respectively.
The frequency distribution of the z-scores for length (Figure 2.12) tended 
to be skewed slightly to the right after 4 months of age, reinforcing that the 
overall sample may be longer than the growth reference. Similar to the weight 
distribution, the z-scores for length-for-age also showed wide variability.
Weight-for-length
To confirm the observation that the children in the study were leaner than the 
reference population, the weight-for-length distribution was plotted. Both Figure 
2.13 (boys) and Figure 2.14 (girls) show that in both genders, the points below 
the 50th percentile appeared to be more tightly-packed than those above the
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Figure 2.10: Distribution of the z-scores for weight-for-age for all children (n 
310) at different age groups (birth, 3, 4, 5, 6, 9 and 15 months old)
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Figure 2.11: Distribution of length of the overall sample by percentile groups
50th, indicating that the children in the study were not only small-for-age, but 
also proportionally underweight.
Head circumference
The head circumference of the children showed similar patterns to the height for 
both the boys and the girls (Figure 2.15). The majority of the girls (70%) had 
a larger head circumference than the average expected for age. The boys’ head 
circumference were equally distributed above and below the average, although 
amongst those who were above the average, 8% had head circumference more 
than the 97th percentile.
The indication that the children in the sample had larger head circumference 
than the reference was also demonstrated by the right skewness in the distribution 
of the z-scores graph at all ages, except at birth (Figure 2.16).
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Figure 2.12: Distribution of the z-scores for length-for-age for all children (n = 
310) at different age groups (birth, 3, 4, 5, 6, 9 and 15 months old)
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Figure 2.13: Distribution of weight-for-height of the boys using the Singapore 
growth reference: percentile lines starting from the lowest at 3rd, 10th, 25th, 
50th, 75th, 90th to the highest at 97th). Reference: Anthropometric Studies on 
Pre-school Children in Singapore, 2000
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Figure 2.14: Distribution of weight-for-height of the girls using the Singapore 
growth reference: percentile lines starting from the lowest at 3rd, 10th, 25th, 
50th, 75th, 90th to the highest at 97th). Reference: Anthropometric Studies on 
Pre-school Children in Singapore, 2000
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Figure 2.15: Distribution of head circumference of the overall sample by per­
centile groups
2.3.9 Impact of type of milk feeding and age of
introduction of complementary foods on growth
Aim (vi) Investigate the association of types of milk and age of introduction of 
solid food on growth performance in the sample and sub-sample respectively
Type of milk feeding
The infants were divided into groups based on the type of milk fed between birth 
and 3 months. Those who changed milk types during the period were grouped 
in “different milk” group (n =  168). The “breastmilk only” group included both 
the exclusively and the predominantly breastfed infants (n =  41). There were 
45 and 56 in the “mixed milk” group and “formula milk” group respectively. 
However, the anthropometric data was incomplete, as some of the infants did not 
have records of their measurements at 3 months of age. Therefore, the number 
of subjects for comparative analysis was further reduced. The numbers analysed 
are shown in the tables.
The weight gain velocity was calculated for subjects who had records of their 
weight at 3 months of age. The type of milk fed from birth to 3 months of age had 
no significant impact on the weight gain velocity between birth and 3 months old 
(Table 2.12). However, the group who received fomula milk only was significantly 
longer in length at 3 months compared to the group who received both breast 
milk and formula milk (mean difference =  0.5, p =  0.006).
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Figure 2.16: Distribution of the z-scores for head circumference-for-age for all 
children (n =  310) at different age groups (birth, 3, 4, 5, 6, 9 and 15 months old)
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Table 2.12: Association of the type of milk fed from birth to 3 months of age 
and the growth velocity (weight & length) between birth and 3 months of age: 
expressed as mean and s.d.
G roup 1 
(N  =  158)
G roup 2 
(N  =  39)
G roup 3 
(N  =  42)
G roup 4 
(N  =  53) p -value1
M ean S .D . M ean S .D . M ean S.D . M ean S .D .
Weight gain (g) 888.0 225.3 908.0 202.5 956.3 217.5 957.4 228.4 NS2
Length gain (cm) 3.8 0.7 4.0 0.5 3.6 0.7 4.1 0.9 0.043a
Group 1: Different, milk
Group 2: Breast milk only
Group 3: Breast milk +  formula milk
Group 4: Formula milk only
1 One-way ANOVA performed
2 NS =  N ot significant (p >  0.05)
3 Tukey post-hoc test: Group 4 significantly longer than Group 3 (p =  0.006)
The association of the type of milk feeding on the length continued to be 
observed at 9 months of age (Table 2.13). The group on breast milk only was the
Table 2.13: Association of the type of milk feeding from birth to 3 months of 
age on the growth parameters at 9 months of age: expressed as mean and s.d.
W eigh t (g ) L en g th  (cm ) H ea d  c ircu m fer­
e n c e  (cm )
M ean S .D . M ean S .D . M ea n S .D .
Group 1 (n =  116) 8096.6 887.4 70.9 2.3 44.5 1.4
Group 2 (n =  27) 7878.0 829.2 70.0 2.6 44.6 1.4
Group 3 (n =  26) 8339.4 1090.8 71.2 2.6 44.6 1.4
Group 4 (n =  32) 8362.5 901.8 71.8 2.7 44.6 1.3
p-value 1
- All groups NS2 0.008 NS2
- Groups 2-4 NS2 0.003 NS2
Group 1: Different milk
Group 2: Breast milk only
Group 3: Breast milk +  formula milk
Group 4: Formula milk only
1 One-way ANOVA performed
2 NS =  N ot significant (p >  0.05)
3 Tukcy post-hoc test: Group 4 significantly longer than Group 2 (p =  0.045)
shortest at 9 months of age, the difference was statistically significant between 
the groups of infants fed breast milk only and the group fed formula milk only, 
as shown in Table 2.13 (mean difference - 1.8, p =  0.045).
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Age of introduction of solid food
The impact of early versus late introduction of solid food was investigated. Infants 
were grouped into 3 groups for the first analysis and subsequently regrouped into 
2 groups for the second analysis. As Table 2.14 shows, the age of introduction of 
solid foods did not have significant effects on the growth (weight and length) at 
9 months of age in both analysis.
Table 2.14: Association of timing of introduction of solid food on growth pa­
rameters measured at 9 months of age: expressed as mean and s.d.
W eig h t (g) L en g th  (cm ) H ea d  c ircu m fer­
en c e  (cm )
M ea n S .D . M ea n S .D . M ea n S .D .
Before 4 months old (n =  18) 7835.0 740.9 70.7 2.4 44.1 0.7
Between 4 and 6 months (n =  141) 8168.0 962.5 71.1 2.4 44.7 1.5
6 months old or after (n =  16) 8275.6 747.8 71.5 2.5 44.5 1.0
p-value1 NS2 NS2 NS2
1 One-W ay ANOVA perform ed
2 NS =  N ot significant (p >  0.05)
(a )  b e fo r e  4  m o n th s ,  b e tw e e n  4  a n d  6 m o n th s , 6  m o n th s  o r  a ft e r
W eig h t (g) L en g th  (cm ) H ea d  c ircu m fer ­
e n ce  (cm )
M ea n S .D . M ea n S .D . M ea n S .D .
Before 6 months old (n =  159) 8130.3 944.0 71.0 2.4 44.6 1.4
6 months old or after (n =  16) 8275.6 747.8 71.5 2.5 44.5 1.0
p-value1 NS2 NS2 NS2
1 One-W ay ANO VA performed
2 NS =  N ot significant (p >  0.05)
(b )  b e fo r e  6  m o n th s , 6  m o n th s  o r  a ft e r
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2.3.10 M others’ perceptions of the im portance of adult 
“healthy eating” guidelines
Aim (vii) Explore mothers’ perception of the importance of adult “healthy 
eating” guidelines for infants and whether their perceptions influenced the 
growth of their children
Two hundred and forty-five mothers (79% of overall sample) completed this 
section. The main reason for non-response was that mothers felt that it was 
premature for them to respond about their attitudes towards feeding their child, 
as they had not or had just started introducing feeds other than milk.
Mothers’ perceptions of the importance of adult “healthy eating” guidelines for 
their children
The results of the Factor Analysis to identify the presence of any correlations 
amongst the variables are shown in Table 2.15 (Full analysis in Appendix F). 
Two significant components were revealed, which collectively explained 41% of
Table 2.15: Components of the perceptions of healthy eating guidelines based 
on the mothers’ responses: Varimax Rotation of 2 factors Solutions - correlation 
loading above 0.3 displayed only
N a tu r a l s t a te  o f  fo o d N u tr it io n a l  q u a lity  o f  fo o d
Low sugar intake 0.814
Additive-free foods 0.755
Low salt intake 0.727
High fibre intake 0.704
Plenty of calories 0.690
% variance explained by each  
component
26.05% 17.56%
the variance in the results, with the first component contributing 26% to the 
variance and the second contributing 18%. “Low fat intake” was not unique to 
either component, as it loaded equally on both; therefore it was removed from 
the analysis.
Table 2.16 shows that there were significant differences in perceptions between 
the ethnic groups in three out of the eight guidelines. They were “wide variety
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Table 2.16: Mothers’ perceptions of the importance of “healthy eating” guide­
lines for their children within overall sample and compared by ethnic groups: 
expressed as % responded with ‘important or more’
O v era ll 
(N  =  2 4 5 )
C h in e se  
(N  =  1 48 )
M a la y  
(N  =  76 )
In d ia n  
(N  =  2 1 )
p -v a lu e 1
W ide variety of foods 92.2 95.92,3 88.22 81.03 0.015
Plenty to  drink 98.8 98.7 98.7 100 N S8
Low sugar intake 85.0 89.94’5 78.94 71.45 0.018
Additive-free foods 80.9 85.9 73.7 71.4 N S8
Low salt intake 92.7 94.6^6,7) 92 .16 81.07 0.045
High fibre intake 95.5 94.6 92.1 95.0 N S8
Low fat intake 72.2 72.5 71.1 75.0 N S8
Plenty of calories 73.0 71.5 75.3 75.0 N S8
1 C hi-square te s t o f  significan ce betw een  groups
2 C hinese m others >  M alay m others (p =  0.027)
3 C hinese m others >  Indian m others (p =  0.006)
4 C hinese m others >  M alay m others (p =  0.024)
5 C hinese m others >  Indian m others (p =  0.016)
6 C hinese m others >  M alay m others (p =  0.025)
7 C hinese m others >  Indian  m others (p =  0.022)
8 N S =  N ot significan t (p  >  0 .05)
of foods”, “low sugar intake” and “additive-free foods” , while the difference in 
perception towards “low salt intake” approached statistical significance.
In the logistic regression model, race significantly predicted the mother’s per­
ceptions of “wide variety of foods”, “low sugar intake” and “low salt intake”, 
while mother’s age predicted their perceptions towards giving “plenty of calo­
ries”. There were notable differences between the Indian mother’s attitudes to­
wards feeding their children compared to Chinese mothers. The Chinese were 5.8 
times more likely to consider offering “wide variety of foods” as important (p =
0.015, 95% C.I. 23.3, 146.2). They were also 3.7 and 4.3 times more likely than 
the Indians to restrict to a low sugar and low salt intake respectively (p =  0.016, 
95% C.I. 1.1, 1.2; p =  0.022, 95% C.I. 1.1, 1.6). The Malay mothers had similar 
attitudes as the Chinese, with the exception of sugar intake, where the Chinese 
were 2.6 times more likely than the Malays to think that a “low sugar intake” 
was important or very important for their children (p =  0.024, 95% C.I. 1.1, 5.9).
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Influence of mothers’ perceptions of the importance of adult “healthy eating” 
guidelines on growth of their children
Weight gain between 3 and 9 months was compared for differences between moth­
ers’ perceptions on feeding guidelines. An importance attached to “high fibre 
intake” was related to a slower weight gain (mean difference 76g, 95% C.I. -2.6, 
153.8; p =  0.058). Similarly, mothers who felt that a “low fat intake” was impor­
tant had slower growing children than those who were not concerned about fat 
intake, although the difference was not statistically significant (mean difference 
21.6, 95% C.I. -13.4, 56.6; p =  0.225). Conversely, those children whose mothers 
had placed an importance on “plenty of calories” also had slower weight gain 
between 3 and 9 months than those who did not, but the difference did not reach 
statistical significance (mean difference 30.3, 95% C.I. -4.9, 65.6; p =  0.091). 
Furthermore, increasing mothers’ age was associated with reduced tendency for 
placing importance on “plenty of calories” (p =  0.043, 95% C.I. 0.877, 0.998).
2.4 Discussion
This study examined in detail the breastfeeding and complementary feeding prac­
tices of infants and young children aged between 4 and 15 months in Singapore. 
Breastfeeding data was collected according to the WHO definitions. An ‘ever 
breastfed’ rate of 82% and exclusive breastfeeding rate at birth of 12% was re­
ported. The median age of introduction of solid food was 4 months of age, with 
rice cereal being the most common choice of “first solid food” . Comparisons 
of milk and complementary feeding practices between 3 ethnic groups were in­
vestigated and the results confirmed historical trends that have been reported 
elsewhere (Millis, 1959; Chua et al., 1990; Fok, 1997). Maternal factors such 
as the educational level and employment status were found to influence breast­
feeding practices, while the age of introduction of solid food was influenced by 
other factors, including race and mother’s age. The children in this study showed 
a trend towards leanness, when compared to the population average. Growth 
was not significantly influenced by the feeding methods, although infants fed on
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formula milk were found to be longer than either breastfed or breast milk plus 
formula-milk fed infants. On the other hand, mother’s perceptions of the impor­
tance of adult ‘healthy eating’ guidelines apparently had an effect on the growth 
of their children. An importance attached to “high fibre” and “low fat” intakes 
was associated with slower growth. In addition, misinterpretation of the adult 
“healthy eating” guidelines by the mothers was observed.
This study had the advantage of being one of few studies to report on infant 
feeding practices, particularly complementary feeding, of the Singapore popula­
tion. The other noteworthy study completed recently was that by Foo et al. 
(2005), however data was only collected on breastfeeding practices in that study. 
This study was a cross-sectional survey, in order to collect information on breast­
feeding and complementary feeding practices at a pre-determined time. The 
disadvantage of such a design was that the changes in practices over time could 
not be monitored, which a longitudinal study design may be better. Nevertheless, 
by sampling infants at a range of ages, we collected a unique set of continuous 
data, for example, infants aged 15 months provided information on milk and 
complementary feeding retrospectively from birth, from which comparisons of 
the influence of feeding methods on growth could be attempted. Another limi­
tation of the study was that subjects were recruited by opportunistic sampling,
i.e. based on the turnout at each clinic, hence it might potentially be an un­
representative sample of the population. Nevertheless, it is representative of the 
polyclinic population. Thus, the interpretation of the results of this study had 
been confined to this sub-population. The design of this study had also reduced 
response bias by using a structured interviewer-administered questionnaire, with 
a single interviewer. The reading and understanding skills of the respondents 
were unlikely to influence the participation of the responses.
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2.4.1 Description of the sample population
Aim (i) Recruit a sample of infants and young children from 3 ethnic groups 
in Singapore
Sample number
The target sample size of 340 could not be achieved within the allocated time for 
recruitment of 6 months, due to the insufficient number of patients at the clinics 
on the days the P.I. was stationed. Nevertheless, the 95% C. I. for a sample size 
of 310 is 64.6% to 74.1%, which may predict a precision within 10%.
Ethnic distribution
The sample represented a lower proportion of Chinese subjects and a higher 
proportion of Malay subjects relative to the general population in Singapore. This 
was due to practical difficulties in achieving the target sample size. In practice, all 
eligible subjects attending either the health vaccination clinic or the growth and 
development assessment clinic were invited to participate in the study, regardless 
of the ethnic group. As our sample population was not representative of the 
ethnic make-up of the Singapore population, inferences about the feeding habits 
of each ethnic group, but not of the country, will be discussed in this report. 
Nevertheless, there are no reasons to assume sleet ion bias, as the breastfeeding 
patterns reported here in each ethnic group had been reported in previous studies 
(Millis, 1959; Chua et al., 1990; Fok, 1997).
Infant and mother characteristics
The under-sampling of 9-month-old infants could be a result of the different 
location of the clinic, where 9-month-old infants visited. As the P.I. could not 
be at 2 different locations at the same time, the recruitment of the 9-month-old 
infants was dependent on the nurse at the clinic. It is probable that some infants 
may have been missed during busy periods in the clinic. In addition, the P.I. was 
not able to respond quickly enough at times when it was busy at the other clinic,
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hence missing some potential subjects.
The sample represented the population with low education and low-income 
group. All subjects were recruited from polyclinics, and none were from private 
clinics, hence may have led to a selection bias of the less educated and less affluent 
population. Polyclinics receive heavy subsidies from the government and services 
are cheaper by as much as half the amount than in private clinics, although the 
waiting time is long. However, this may represent the population who may have 
the greatest need for public health intervention
2.4.2 Description of infant feeding practices: (1)
Singapore (2) Comparisons to the practices in the  
UK
Aim (ii)Investigate the current trends in infant feeding practices in Singapore for
(a) breastfeeding
Breastfeeding practices and duration of breastfeeding
Overall, the breastfeeding rates were lower than international and national rec­
ommendations. The “ever breastfed” rate of 82% in this study was lower than the 
rate of attempted breastfeeding (94.5%) reported in the National Breast Feeding 
Survey (NBFS) in 2001 (Foo et al., 2005). However, it is unclear what is defined 
as ‘attempted breastfeeding’ in the NBFS, hence it was interpreted as attempted 
to initiate breastfeeding, regardless of the duration of breastfeeding. Data on 
initiation rate was not collected in this study and due to the design of the data 
collection form, the ‘ever breastfed’ rate included only those who breastfed for 
a minimum of 1 week. Therefore, the findings from this study and the NBFS 
may not be directly comparable. Nevertheless, both figures were higher than 
the reported incidence of breastfeeding (i.e. the proportion of infants who were 
breastfed initially) in the UK (Hamlyn et al., 2002).
Notwithstanding, increasing breastfeeding prevalence over the years was not 
associated with an increase in exclusive breastfeeding or sustenance of breast­
feeding beyond the first few months in Singapore. The findings from this study
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showed a low 11% of exclusive breastfeeding at birth, which rapidly declined to a 
low 4% by 6 months of age, but included infants receiving complementary foods 
as well. In contrast, ‘Infant Feeding Survey 2000’ (Hamlyn et al., 2002) reported 
that at least 29% of infants were provided with breast milk as the sole milk source 
for nearly 5 weeks, which suggest that the exclusive breastfeeding rate at birth 
would be 29% or more, and the rate at 6 months was 1%. The median duration 
of breastfeeding in this study was 2 months, close to the 7 weeks reported in the 
NBFS (Foo et al., 2005). In the UK, 65% and 44% were still breastfeeding at 6 
weeks and 4 months (Hamlyn et al., 2002), implying that the median duration 
could lie between 6 weeks and 4 months.
Aim (ii) Investigate the current trends in infant feeding practices in Singapore for
(b) complementary feeding
Age of introduction of solid food
While 10% of the infants in this study had received solid food by the end of the 
third month of age, the median age of introduction of solid foods was 4 months 
old. When compared to the data from the UK ‘Infant Feeding Survey 2000’, the 
large majority (49%) of the mothers introduced solid food before 4 months of 
age (Hamlyn et al., 2002). In both studies, the age of introduction of solid foods 
was earlier than the six months as recommended by the WHO (World Health 
Organization, 2003). Previous infant feeding recommendation included “weaning 
about 4 months” in 1974 to “not before 3 months but by 6 months” in 1980s and 
more recently “between 4 and 6 months” in 1994 (Fewtrell et al., 2003). Fewtrell 
et al. (2003) reported that 80% or more of pre-term and full-term infants born in 
England between 1975 and 2000 were weaned on average earlier than 4 months, 
regardless of the changes in infant feeding recommendations that took place over 
the same period.
The current infant feeding recommendation of ‘after 6 months of age’ was 
updated in Singapore since March 2003, and the sample recruitment took place 4 
months later. The sample included only those infants who were born after March
2.4. Discussion 107
2003, as the youngest age group understudy was 4 months old. Therefore, the 
discrepancy in the practices and the feeding recommendations could be a lack of 
awareness of the change in the feeding recommendations by mothers or even the 
healthcare professionals providing advice to mothers. Common sources of feeding 
advice were reportedly received from not just the polyclinic nurses and doctors 
(30%), parents/ parents-in-laws (28%) and relatives (21%) provide advice as well. 
This is not surprising, given that 43% of the overall sample were primarily cared 
by their grandparents. Although such child-minding arrangement provides much 
needed support for the dual-income family, it can potentially compromise the way 
children are brought up. This compromise in care has also been highlighted by 
Lee et al. (2006), where the situation of the care of infants and young children 
is similar in Hong Kong. Sarwar (2002) studied a group of Pakistani mothers 
in England and Pakistan and found that there were differences in infant feeding 
practices related to breast and bottle feeding, as well as the choice of solid weaning 
foods, eventhough both groups were of the same ethnic groups. Thus, living in an 
extended family tended to put pressure on parents to follow advice given by their 
family and not the nutrition education received from their healthcare professionals 
(Sarwar, 2002). In another study, a surprisingly high proportion of mothers in 
Hong Kong gave traditional Chinese medicine to their infants (Sung et al., 1988). 
Although the medicinal properties and pharmacological effects of the traditional 
foods have not been proven to be efficacious, many mothers continued to give 
them to their infants, demonstrating the strong influence of traditional practices.
Nevertheless, the most frequently reported source of information in this study 
was from books or magazines (35%). Reading materials may not always provide 
the most up-to-date information, particularly books where revisions may take 
years to be edited and published. Thus, where access to current infant feeding 
recommendations are obscured, the role of healthcare professionals in ensuring 
appropriate infant feeding guidelines are translated to practice is crucial. Tradi­
tions and customary practices will continue to play a major role in determining 
how mothers in Singapore will feed their children, given the close proximity of 
families and the extended family unit, where grandparents may be the primary
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caregiver. So, the healthcare professionals will need to be sensitive to the customs 
and beliefs of the ‘older generation’, whilst providing accurate education.
Choice of “first solid food”
In this study, rice cereal was the most popular “first solid food”, introduced 
to almost three-quarters of the sub-sample who had initiated complementary 
feeding. Suitable “first foods” recommended are infant baby rice or pureed home- 
cooked rice, mashed potato, custard, plain (unsweetened) yogurt and pureed non- 
fibrous vegetables (UK Department of Health, 1994). Recommendations for “first 
foods” have not changed much over the years. In addition to non-wheat cereals, 
soft thick oat porridge and pureed fruits were also cited as good examples of 
“first foods” in the WHO ‘Feeding and Nutrition of Infants and Young Children’ 
guideline (Michaelsen et al., 2003). The guidelines also highlighted that the “first 
food” offered should be single-ingredient, pureed to a smooth consistency, with 
no added sugar, salt or strong seasonings. The majority of the infants in the 
study were offered an appropriate “first food”.
The choice of “first food” should be decided based on the nutrients required 
during the complementary feeding period, which is not provided by the milk 
source. The recently published ‘Start Healthy Feeding Guidelines for Infants 
and Toddler’ (Butte et al., 2004) identified meat and fortified infant cereals as 
foods, which provide many of those nutrients. A study by Krebs et al. (2006) 
demonstrated that the introduction of meat as an early complementary food was 
feasible and may lead to higher zinc intakes than those fed cereals, although the 
differences were not seen biochemically, nor did it result in any mental or motor 
advantages.
The second most popular food introduced as “first food” in this study was 
wheat cereals (14% of sub-sample). A small proportion gave other wheat-containing 
foods like mixed cereals (mixture of rice and wheat) or baby rusk (2% of sub­
sample each). There are concerns about the appropriateness of wheat cereals 
as “first food” due to an association with coeliac disease. The UK Department
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of Health (1994) ‘Weaning and the Weaning Diet’ recommends that to prevent 
celiac diseases, the cereals given to infants less than six months should preferably 
be gluten-free, such as rice or maize. Furthermore, an early exposure to wheat 
cereals has also been implicated in triggering genetically susceptible infants to 
develop Type 1 diabetes mellitus (Norris et al., 2003). In the light of emerging 
evidence of the negative effects of early wheat exposure, advice to avoid wheat- 
based “first food” should be reinforced, and may be particularly effective coming 
from the infant cereals manufacturers, i.e. on food labelling.
Data on the types of “first food” was not presented in the UK ‘Infant Feeding 
Survey 2000’, so comparisons to UK practices could not be made.
Age of introduction of various foods throughout the complementary feeding period 
The age and choice of introduction of various solid foods during the complemen­
tary feeding period varied considerably. Baby cereals (98% of sub-sample) and 
baby biscuits (55% of sub-sample) were not only more commonly introduced than 
baby bottled foods (35% of sub-sample), age of introduction was earlier than the 
other foods (4 and 6 months respectively). In comparison to UK infants between 
4 and 5 months of age, more mothers (62%) were giving commercial prepared 
foods in cans or jars or dried (exclude cereals) compared to 39% of mothers 
giving home-made food (Hamlyn et al., 2002). Commercial baby foods can be 
convenient, but are often expensive and may offer no nutritional advantages over 
properly prepared family foods (Michaelsen et al., 2003).
Carbohydrate-rich solid foods such as cereals and porridge were introduced 
earlier (6 months old or earlier) than protein-rich foods (between 6 and 9 months 
old). Fish was introduced earlier (6 month) than meat or other protein-rich 
foods (7 month old) in the study. It was a different practice reported in the UK 
‘Infant Feeding Survey 2000’ (Hamlyn et al., 2002) where more mothers (36%) 
had introduced meat-based meals from 8 to 9 months old than fish-based meals 
(9%). In spite of that, overall meat consumption in the UK infant population 
was low, with only a third of mothers giving meat everyday (Hamlyn et al.,
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2002). Due to the high protein, easily absorbable iron and zinc density of meat, 
well-cooked pureed meat is recommended as early as 4 months to the infant 
who has accepted spoon feeding and showed appropriate developmental stages 
(UK Department of Health, 1994; Michaelsen et al., 2003). There are obviously 
barriers to this recommendation, as seen in both this study and the UK survey. 
Mothers in the UK who had not introduced meat to their infants were asked why, 
and 3 out of 5 (60%) said, “baby was not ready to eat meat” (Hamlyn et al., 
2002). Although the same question was not asked in this study, it may well be 
the same reason for the delayed introduction of meat.
Addition of solids into feeding bottle
The practice of adding solids into bottles was reported in 44% of the overall 
sample, with a median duration of l \  months. The earliest age to begin was at 1 
week of age, but it was an isolated case. Adding solids into bottles referred to the 
addition of cereals into milk feeding bottles in this study. The UK ‘Infant Feeding 
Survey 2000’ (Hamlyn et al., 2002) did not question this practice. However, a 
study conducted between 1993 and 1994 in the US reported 21%, 22% and 15% 
of mothers also added cereals into the bottle with infant formula milk at 2, 5 and 
7 months of age respectively (Fein and Falci, 1999).
The reasons to add cereals into bottles were not asked in the Singapore study. 
However, Bentley et al. (1999) identified that adding cereals into the bottle could 
be a response to perceived hunger, to stop the infant crying or to help the infant 
sleep better at night. Adding cereals to feeding bottles is not a recommended 
practice (Fein and Falci, 1999), but the basis of the recommendation was not 
stated. From the developmental aspect, one of the initial aims of complementary 
feeding is to accustom the infant to eat from a spoon (Michaelsen et al., 2003). 
Adding solids into feeding bottles does not encourage feeding via the spoon.
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Aim (ii) Describe the current trends in infant feeding practices in Singapore for
(c) non-milk beverages
Introduction of non-milk beverages
The provision of drinks other than milk was widespread in the overall sample. 
Water was the most popular consumed by almost all the infants in the study and 
73% of the infants were introduced water at birth. One common reason for feeding 
newborns water in Singapore is a concern over the warm climate (maximum 
temperature 34° C). However, similar practices of introducing supplementary 
drinks during the first 6 months have been reported in temperate climates. In 
the UK Tnfant Feeding Survey’, half of the mothers had given water to their 
infants aged from 4 to 10 weeks old, which increased to 65% and 83% at 4 to 5 
months and 8 to 9 months respectively (Hamlyn et al., 2002). The Iowa Fluoride 
study reported water consumption of 36% at 6 months of age, increasing to 75% at 
12 months of age (Marshall et al., 2003). The Feeding Infants and Toddlers Study 
(FITS) also documented similar percentages at same ages (Skinner et al., 2004). 
Although infants are susceptible to dehydration because of larger surface area 
per body weight, it had been demonstrated in a Parkistani study that healthy 
breastfed infants showed no signs of dehydration, even if additional water was 
not given during the summer months, which reached a high temperature of 40.7° 
C (Ashraf et al., 1993). Breastfed infants who are well, are able to maintain 
satisfactory water balance in hot environments (Fomon, 2000). Thus, the WHO 
recommends that supplementary fluids, including water, are not necessary to 
maintain water balance in healthy infants exclusively breastfed till 6 months 
(World Health Organization, 1997). Similarly, formula-fed infants usually do not 
need additional water until 6 months of age (Skinner et al., 2004).
Besides water, glucose water (water to which glucose powder is added), barley 
water (the water retained after boiling barley and sometimes sweetened with a 
type of sugar called rock sugar), honey water (water mixed with honey) and 
herbal tea were also fed to infants from 3 months onwards, as they were believed 
to “cool” the body and prepare the infant for immunization at 3 months of
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age. The consumption of non-milk beverages may have an impact on energy 
and nutrient intake, since any fluids may have the potential to displace milk, 
which remains the sole source of nutrition for infants to at least 6 months of age. 
Emmett et al. (2000) showed some evidence from the Avon Longitudinal Study of 
Pregnancy and Childhood prospective cohort study, where 24-hour records of all 
drinks consumed at 4 and 8 months were collected. Infants given supplementary 
drinks (such as water, fruit drinks and herbal drinks) led to small reduction in 
milk intake (between 22ml and 63ml) at 4 months amongst formula-fed babies.
There are no recommendations on the introduction and definition of excessive 
beverage intakes. However, The American Academy of Pediatrics (2001) recom­
mends that juices should not be introduced before 6 months of age and intake 
should be limited to 4 to 6 ounces per day for children between 1 and 6 years old. 
In the FITS and UK Infant Feeding Study, homemade and baby bottled juices 
were introduced before 6 months in this study. It is unclear what the reasons 
for the early introduction of juices were, although prevention of constipation, 
rejection of water and introduction of new tastes are postulated.
2.4.3 Ethnic differences in breastfeeding and 
com plem entary feeding practices
Aim (iii) Investigate ethnic differences in breastfeeding prevalence and 
complementary feeding practices
Breastfeeding practices - ‘ever breastfed’ rate and total duration of breastfeeding 
Malay mothers in this study were more likely to breastfeed, as well as to breast­
feed for longer duration than the Chinese. Our findings on the ethnic differences 
observed in breastfeeding practices corresponded with the trends that had been 
documented in the literature on breastfeeding in Singapore (Millis, 1959; Chua 
et al., 1990; Fok, 1997). Chinese mothers favoured breastfeeding the least and 
stopped breastfeeding the earliest, although these mothers have a higher edu­
cation level now than in the past and there is also increasing awareness of the 
benefits of breastfeeding. This may be attributed to confinement customs still in
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practice in the Chinese population after birth, where the beliefs and restrictions 
make it unfavourable for the mothers to breastfeed. The most common belief 
is the necessity of maintaining a “hot-cold” or “yin-yang” balance within the 
body and the environment after the birth of a baby (Kim-Godwin, 2003). The 
postpartum diet and environment is aimed to keep the new mother warm and 
restore “heat” in the body, as the loss of blood (considered “hot”) during the 
birth means the body turns into a “cold” state. During the postpartum confine­
ment period, the new mother’s activities are limited, her needs are taken care of, 
and someone also takes care of the newborn, in order to allow the new mother 
ample rest. Vincent (1999) conjectured that the concept held by the Chinese 
that certain foods necessary for healing and recovery after child birth should be 
avoided during breast feeding, is a probable reason why the Chinese to have a low 
prevalence of breast feeding (Vincent, 1999). Chinese mothers also more often 
have erroneous beliefs about breast feeding and are more likely to believe that 
breast feeding has adverse effects on maternal health (Chua et al., 1990).
Ethnic differences in breastfeeding practices are not unique to Singapore. The 
UK ‘Infant Feeding Survey 2000’ (Hamlyn et al., 2002) also reported clear cul­
tural differences between the breastfeeding rates of mothers from different ethnic 
backgrounds, where mothers from ethnic minority groups (Asian, Black, mixed 
and other ethnic origin) were considerably more likely to breastfeed at birth com­
pared with white mothers (2 or 3 white mothers to 8 or 9 in 10 of ethnic minority 
groups).
Complementary feeding practices - age of introduction of solid food and choice 
of first solid food
There were ethnic differences in complementary feeding practices as well. The 
age of introduction of solid food was highly variable within the Malay community 
and they were also the earliest to introduce solid food to their infants. On the 
other hand, none of the Indian mothers introduced solid foods to their infants 
before 4 months. This was similar to the UK where mothers from ethnic minori­
ties introduced solids later than white mothers (Hamlyn et al., 2002). A higher
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proportion of Malay mothers were also offering inappropriate “first solid food” 
compared to the Chinese or Indian. The poor practices amongst the Malay moth­
ers indicated a lack of understanding of feeding recommendations, and may be 
associated with a lower education level and poorer socio-economic status amongst 
the Malay compared to the Chinese and Indian cohorts in this study.
2.4.4 Influence of infant, maternal and socio-econom ic 
factors on infant feeding practices
Aim (iv) Examine the infant, maternal and socio-economic factors that may 
influence (a) exclusive breastfeeding and total durationof breastfeeding
Breastfeeding practices
Both maternal education level and employment status were associated with dif­
ferences in both the exclusive breastfeeding rate at birth and the total duration 
of breastfeeding. The influence of these two factors have been investigated pre­
viously in the NBFS 2001 and were also found to have positive association. The 
UK ‘Infant Feeding Survey 2000’ (Hamlyn et al., 2002) also reported a higher 
incidence of breastfeeding and a longer duration of breastfeeding amongst those 
who continued full-time education to a later age than those who left earlier. The 
impact of employment status of mothers was not reported in the same survey.
Mothers who received higher education level are more likely to choose to 
breastfeed, as well as try to breastfeeding for longer duration, as they are expected 
to have access to information on infant nutrition and learn about the advantages 
of exclusive breastfeeding and extended duration of breastfeeding. They are also 
probably more likely to know where to seek help when they encounter difficulties 
in continuing to breastfeed.
The relationship between maternal employment and breastfeeding may be less 
straightforward, although Lee et al. (2006) had reported that one of the risk fac­
tors associated with lower rate and early cessation of breastfeeding was returning 
to work. The median duration of breastfeeding in this study coincided with the 
period when most working mothers return to work after a 2-months paid ma­
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ternity leave, as has been reported in the NBFS 2001 as well. One of the main 
reasons reported for the discontinuation of breastfeeding in this study was the 
return to work, after insufficient milk production. In the UK, 71% of mothers 
stopped or cut down breastfeeding after return to work as well (Hamlyn et al.,
2002). Insufficient milk production may be speculated to be a consequence of re­
turning to work. It is recognized that breast milk flow is dependent on demand, 
hence mothers who return to work will have limited opportunities to breastfeed 
or be unable to express their breast milk. The reduced stimulation leads to a 
decreased production of breast milk. Subsequently, the mothers may perceive 
that they may have insufficient milk, therefore they are likely to supplement with 
formula milk for fear of inadequacy for their baby. Supplementation of breast­
feeding with formula milk was associated with early cessation of breastfeeding 
in several studies (Lee et al., 2006). Thus, infants who are on ‘mixed breast­
feeding’ will also eventually move on to full formula milk due to difficulties in 
maintaining milk production. Besides insufficient milk production, the return to 
work deterred mothers from continuing to breastfeed due to the accompanying 
inconvenience. Thus, it is plausible to speculate that the decision to discontinue 
breastfeeding may be circumstantial-driven than a simple matter of the mothers 
choice.
A positive association between the duration of maternity leave and the dura­
tion of breastfeeding has been reported (Scott et al., 2006). The Nordic countries 
are known to have the highest breastfeeding rates in the world, and this could 
well be attributed to the generous statutory maternity leave programs. It was 
cited by Scott et al. (2006) that Norwegian women are entitled to a total of 116 
weeks of job-protected maternity and child care leave, which includes 42 weeks of 
maternity leave remunerated at 100% of normal earnings. Although the rationale 
for extending the length of paid maternity leave in Singapore to 3 months in 2004 
was not driven by any breastfeeding messages, any improvement in breastfeeding 
duration observed in subsequent surveys will be evident of the true correlation 
between employment and breastfeeding duration.
The unique effect of birth order on breastfeeding duration reported previ­
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ously by Hammer et al. (1999) was also observed in this study, as in the UK 
‘Infant Feeding Survey 2000’ as well. Presumably, mothers who had successfully 
breastfed a previous child would be more encouraged and less apprehensive to 
try breastfeeding again, although data on previous breastfeeding experience was 
not collected in this study to support the assumption. A previous positive ex­
perience with breastfeeding could also have dispelled myths about breastfeeding 
and emphasized the advantages of breastfeeding.
In spite of the reported findings above, it should be noted that the method 
of statistical analysis used in the associations may not be the most appropriate. 
The Univariate Kaplan-Meier log rank test and the Cox proportional hazards 
model will be more suitable to determine the factors associated with the dura­
tion of breastfeeding, in order to take into consideration the failure to continue 
breastfeeding.
Aim (iv) Examine the infant and maternal factors that may influence
(b) the age of introduction of solid foods
Age of introduction of solid foods
Besides ethnicity, the mother’s age and the employment status predicted whether 
solid foods were introduced before 6 months of age, with the birth order ap­
proaching statistical significance. The UK ‘Infant Feeding Survey 2000’ (Hamlyn 
et al., 2002) indicated relationships between feeding method, birthweight, socio­
economic status, education level and ethnicity and the age of introduction of solid 
foods. Other studies also reported heavier birth weight (Fewtrell et al., 2003), 
heavier weights at 1 month of age (Savage et al., 1998) and at 3 months of age 
(Forsyth, 1993), as well as formula feeding (Savage et al., 1998; Fewtrell et al.,
2003) to be strong predictors of early introduction of solid foods. However these 
factors did not appear to influence the mothers’ decision to introduce solid foods 
in this study. As opposed to infant factors, mother’s employment status was 
likely to determine when solids were introduced in this study. This could reflect 
a less infant-centred approach to feeding amongst mothers here than in the UK.
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2.4.5 Review of the growth performance of the sample
Aim (v) Review the growth performance of the sample population against 
the Singapore growth reference
The overall sample appeared to be leaner, i.e. lighter but longer, than the Sin­
gapore growth reference. One of the hypotheses for this increase in secular trend 
in length was the changes in infant formulae. Infant formulae have undergone 
dramatic improvements during the last decades (Agostoni and Domellof, 2005). 
Novel ingredients, such as long-chain polyunsaturated fatty acids, conditionally 
essential amino acid (taurine and nucleotides), which are believed to have posi­
tive effects on growth and development, are added in the new generation of infant 
formulae in the 21st century. The protein quality and quantity of infant formulae 
are also different due to the determination of protein content based on the total 
nitrogen content (Agostoni and Domellof, 2005).
2.4.6 Impact of breastfeeding and com plem entary  
feeding practices on growth
Aim (vi) Investigate the impact of types of milk and age of introduction of 
solid food on growth performance in the sample and sub-sample respectively
The results of this study did not yield any significant differences between the 
type of milk fed from birth to 3 months and the growth velocity between birth 
and 3 months of age, as had been established by other investigators previously 
(Dewey et al., 1992; Haschke et al., 2000; Kramer et al., 2004). Weight gain over 
time of breastfed babies has been reported to deviate from that of formula-fed 
babies who grow faster and gain more fat than breastfed infants (Fomon, 2004). 
Amongst the first to demonstrate differences in growth patterns was a cohort 
study conducted in the Davis Area Research on Lactation, Infant Nutrition and 
Growth Study (DARLING), where breastfed babies had comparable growth to 
formula-fed babies during the first 3 months, but gained weight slower thereafter 
(Dewey et al., 1992). Further research showed that breastfed babies, in compar­
ison to formula-fed babies, exhibited a faster weight gain during the first 2 to 3
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months of life, with relative deceleration thereafter (Haschke et al., 2000; Kramer 
et al., 2004). Kramer et al. (2004) has proposed a dose-response relation of small 
magnitude between formula milk feedings and higher length at 3 months of age. 
In this study, the group who were fed both breast milk and formula milk were 
found to have gained less in length on average than the group who were fed only 
formula milk during the first 3 months. The possible advantage of formula milk 
on length continued to be observed at 9 months of age as well.
The age of introduction of solid foods in this study also had no significant 
effects on weight and length gain at 9 months of age, after correction for effects 
of breastfeeding. This result was consistent with findings from the DARLING 
study, which found no differences in weight, length and weight-for-length at 1 
to 18 months between early (before 6 months of age) and late solid groups at 6 
months of age or after (Heinig et al., 1993). Data from a randomised, prospective 
trial by Mehta et al. (1998) also confirmed that early introduction of solid foods 
to an infants’ diet (at 3 - 4 months old) did not alter growth or body composi­
tion compared to late introduction (at 6 months of age) during the first 3^ ear of 
life. The data indicated that early introduction of solid foods displaces energy 
intake from formula and does not supply additional energy (Mehta et al., 1998). 
Further work by Morgan et al. (2004) reported that the apparent positive effects 
of early “weaning” (before 12 weeks) on growth disappeared after 18 months 
of age, suggesting that larger infants were more likely to be given solids by 12 
weeks. From the evidence presented here and elsewhere, postnatal growth up to 
12 months does not appear to be sensitive to the differential timing of the intro­
duction of complementary foods in healthy infants living in environments without 
major economic constraints and low rates of illness (WHO Working Group on the 
Growth Reference Protocol and the WHO Task Force on Methods for the Natural 
Regulation of Fertility, 2002). However, longer term effects cannot be ruled out.
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2.4.7 M others perceptions of the im portance of healthy  
eating guidelines for their infants
Aim (vii) Explore mothers’ perception of the importance of adult “healthy 
eating” guidelines for infants and whether their perceptions can influence the 
growth of their children
In this study, mothers appeared to have a considerable misunderstanding of the 
desirable feeding practices in infancy, regardless of ethnicity. Mothers were in­
appropriately placing a greater emphasis on the natural state of foods, rather 
than the nutritional quality of foods. This finding reflects the same situation in 
England in the 1990s, where in a study of 1000 infant/mother pairs, most moth­
ers of infants under 12 months avoided salt, salty foods, sugar and fat always or 
sometimes (Morgan et al., 1995). More recently, in the UK ‘Infant Feeding Sur­
vey 2000’ (Hamlyn et al., 2002), 33% of mothers specified that they would avoid 
sugar and salt, while between 18% would avoid additives, colourings, preserva­
tives, and flavourings. In addition, 1% also said they would avoid adding fat in 
the infant’s food.
Mothers ranked high importance for “high fibre intake” and low importance 
for “plenty of calories” in this study. The inappropriate application of adult 
“healthy eating” guidelines in the infant population raises concerns about the 
provision of optimal nutrition for growth and for later health, as the provision 
of adequate energy/calories is important to support growth and development. 
While fibre is beneficial for promoting healthy digestive system, the potential 
of high fibre foods taken at the expense of more nutrient-dense foods can be a 
concern, particularly for small eaters, since fibre is known to induce early satiety. 
Coupled with a restricted fat intake, which is an important contributor to total 
energy intake, it may be a challenge to provide adequate energy.
The differences in weight gain observed between infants whose mothers placed 
different importance on “low fat intake” in this study may not be statistically 
significant; nevertheless it is disturbing that a high percentage of mothers had 
misinterpreted that it is important for infants to have a low fat intake. The con­
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tradictory observation that weight gain was slower amongst mothers who placed 
importance on “plenty of calories” may indicate poor understanding of the con­
cept of energy/calories. In addition to growth concerns, a high fibre content in 
foods may interfere with the absorption of some nutrients, e.g. Iron, which is 
potentially limiting in infants, due to the presence of phytate.
Dietary patterns are strongly determined by food preferences that are likely 
to be linked to early experiences with foods and eating, as well as the parents’ 
child-feeding practices (Birch, 1998). Hence, it is highly probable that food pref­
erences formed in childhood will persist into adulthood. The mothers’ attitudes 
towards “healthy eating” could be a reflection of their own diets. For example, 
data from the Singapore National Nutrition Survey in 1998 showed that Indians 
and Malays are more likely to be frequent consumers of sweetened drinks (more 
than 6 times a week), compared to Chinese, as was observed in this survey that 
Indians and Malays are not likely to restrict sugar intake. Patterns of food in­
take were also found to vary across the three ethnic groups. Indians are more 
likely to meet the recommended Healthy Diet Pyramid servings than Chinese 
and Malays, particularly for dietary fibre intake, from wholegrains, fruits and 
vegetables. However, this could merely be an association to a higher prevalence 
of vegetarianisms amongst Indians than the other 2 groups.
Available data suggests possible ethnic differences in diet-related attributable 
risks, though these are limited due to the lack of nutritional epidemiological 
studies comparing ethnic groups (Kumanyika, 1993). A recent health survey in 
Singapore found adult obesity rates were highest among Malays and Indians, 
compared to Chinese; Indians had the highest rates of Diabetes, followed by 
Malays and Chinese (Lee, 2000). The study also showed that among pre-school 
children, Malay children showed significantly more severe grades of obesity com­
pared to Chinese and Indian children. This further reinforces that the differences 
in disease prevalence can be attributed to dietary patterns, even from childhood.
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2.5 Conclusion
A cross-sectional survey of the current infant feeding practices in a sample popu­
lation of relatively low socio-economic status and education level was succesfully 
completed. The study revealed a moderate ‘ever breastfed’ rate, when compared 
to other developed countries in the region, but a very low ‘exclusive breastfeed­
ing’ incidence from birth. The median age of introduction of solid foods was 
reported to be 4 months of age, which was earlier than the current recommen­
dation of ‘from 6 months’. Ethnicity, mother’s education level and employment 
status were significant influences on the feeding practices. It was found in this 
study that infants introduced to formula milk were significantly longer that those 
fed breast milk only. Mothers were found to misinterpret the adult ‘healthy eat­
ing’ guidelines, which may possibly have negative effects on the growth of the 
children.
A further study is warranted to extend to include a representative sample 
of the Singapore population, in order to determine if the same concerns of low 
exclusive breastfeeding and the misinterpretation of “healthy eating” guidelines 
is present in the general population. Nevertheless, findings from this study have 
provided an understanding of the areas of concern specific to the sample pop­
ulation and indicate potential issues in infant feeding in the country. With the 
knowledge of the factors influencing infant feeding, public health intervention can 
be targeted more effectively.
Chapter 3 
Food and Nutrient Intake of a 
Cohort of Chinese Infants aged 9 
- 1 1  m onths in Singapore
3.1 Introduction
Human breast milk provides an ideal source of nutrition for the young infant 
and is generally sufficient to meet the nutritional needs of the healthy full-term 
infant during the first few months of life (Butte et al., 2002). However, iron 
and zinc intake from breast milk may become limiting for the older (6 months 
of age or older) breastfed infant. Thus, the older infant becomes dependent 
on complementary foods to meet dietary requirements. It is established that 
iron and zinc are essential for growth and development, especially during early 
childhood. Krebs et al. (2006) cited that for the 9-month-old breastfed infant, 
over 90% of the projected requirements for these two trace elements would need 
to be provided by complementary foods. The period of complementary feeding, 
when other foods are added to the diet, is a time of particular vulnerability to 
nutritional deficiencies, as children at this age are growing and developing rapidly, 
yet do not consume large quantities of food (WHO Multicentre Growth Reference, 
2006b). Traditional complementary foods, such as cereals, root vegetables and
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fruits, provide very modest amounts of zinc, and for those with high phytic acid, 
the bioavailability is low (Krebs and Westcott, 2002).
In our study on the infant feeding practices in Singapore, foods introduced to 
the majority of infants between 4 and 6 months were mainly carbohydrate-rich 
foods, such as cereals (both rice and wheat), vegetables and fruits (Chapter 2, 
Section 2.3.3). Meat and eggs, which are major food sources of iron and zinc, 
were reportedly introduced at a median age of 7 months for 32% and 36% of 
those who had started complementary feeding respectively (Table 2.7, Chapter 2, 
Section 2.3.3). In the WHO Multicentre Growth Reference Study Group, grain 
products were consumed by the vast majority of subjects at all ages (WHO Mul­
ticentre Growth Reference, 2006b). Flesh foods consumption was low (8% of the 
subjects) at 6 months of age, but increased to 41% by 9 months of age, while egg 
consumption was 3-10% at 6 to 9 months of age (WHO Multicentre Growth Ref­
erence, 2006b). The American 2002 Feeding Infants and Toddlers Study (FITS) 
found that infant formula, breast milk and milk are major contributors of energy 
and most nutrients in the diets of infants and toddlers aged between 4 and 24 
months of age (Fox et al., 2006). However, infant cereal was also one of the major 
source of iron amongst the infants aged 6 to 11 months (Fox et al., 2006). Earlier 
analysis of the data from FITS showed fewer than 15% of infants under the age of 
7 months consumed any meat or other foods high in protein (including eggs) at 
least once a day, while the percentage increased to nearly 80% in the 9-11 month 
age group (Fox et al., 2004).
There is presently no data available on the food intake of the older infants in 
Singapore. Information on the nutritional intake and food consumption patterns 
of the older infants in Singapore is essential to understand the nutritional concerns 
in this vulnerable group. In the late 1970s, a study of 100 Malaysian children 
showed that the weaning diet of at least a third of the children studied was found 
to be inadequate (Chen, 1978). Amongst those studied by Chen (1978), 49% 
were Chinese (Chen, 1978), 33% were Indian and 18% were Malay. Since three- 
quarters of the population in Singapore is made up of Chinese, it was warranted 
that the study focused on the Chinese population.
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Go el et al. (1978) provided an indication of the types of solid foods given 
by Chinese parents in a study on immigrants in Glasgow in the late 1970s. The 
Chinese mainly gave their children porridge made with rice, to which they usually 
added liquidized pork, chicken, beef or fish (Goel et al., 1978). In the Chinese 
family where home-based meals predominate, this type of home-prepared meal 
is believed to provide the nutrients needed by the older infants. This study 
hypothesized that the diet of the older Chinese infants in Singapore is adequate 
to meet the recommended daily dietary allowances.
3.1.1 Aim s of the Study
(i) To recruit a pre-determined sample size of 30 mother-infant pairs
(ii) To determine the total daily food intake of infants aged 9-11 months old, 
using the 24-hour dietary recall method
(iii) To estimate, using food composition tables, the total daily energy, protein, 
fat, carbohydrate, fibre, calcium, iron and zinc intake of the sample
(iv) To compare the mean total daily estimated energy and nutrient intake of 
the sample with the Singapore Recommended Daily Dietary Allowances
(v) To assess, using food composition tables, the energy and nutrient content 
(with respect to carbohydrate, protein, fat, iron and zinc) of the home- 
prepared meals and compare to a commercial complementary food
(vi) To determine the mean duration of breastfeeding and the age of introduction 
of complementary (solid) food in this sample population, and to compare 
with the practices in 2003 (Chapter 2)
(vii) To explore the factors that influence mothers’ choices of food for their chil­
dren
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3.2 M ethodology
3.2.1 Ethics approval and consent
The study protocol was submitted to the Singhealth Polyclinics Institutional Re­
view Board (IRB) for approval on 1st April 2005. Feedback was received from 
the IRB on 5th May 2005, with 2 issues. The IRB highlighted that the con­
sent for participation was required from either the parents or legally authorized 
representatives, hence with consideration that the parents or legally authorized 
representatives might not always be present at the clinic at the time of recruit­
ment, consent would be taken in 2 stages. Firstly, written consent was obtained 
for the initial phone call by the P. I. to arrange a home visit and subsequently 
from the parent before the interview commenced during the home visit (Appendix 
A3 and A4 respectively). The second feedback from the IRB was to state the 
subject’s right to withdraw from the study at any time in the information sheet. 
After the issues were addressed, the study protocol received approval from the 
IRB on 21st May 2005 (Reference no. SHP 2005/05/A006).
3.2.2 Design and sample recruitment
Study design
The study was designed to use a 24-hour dietary recall method to obtain cross- 
sectional data on the food intake of Singapore-born infants of Chinese ethnicity 
between 9 and 11 month of age. The study was carried out in 3 polyclinics, as in 
the previous ‘Infant Feeding Practices’ study (Chapter 2).
Sample size calculation
Statistical advice (provided by Chan YH) was sought at an early stage of the 
study. The sample size was calculated by Chan YH primarily to satisfy the aim 
to assess the nutritional quality of the home-prepared meals, based on that of a 
previous study conducted by Van Den Boom et al. (1997). In that study, home-
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prepared baby meals in Madrid (Spain) had an energy range between 31 and 74 
calories (Van Den Boom et al., 1997). Anticipating that the homemade meals in 
Singapore will vary by a range of 50 kcal, the 95% C.I. width (for any given mean 
energy density) was calculated by the following equation: where n =  sample sized 
required
 ^ x _  i.gjdgd width of the 95% C.I.
V 5
From this calculation, the minimum number required for the study was cal­
culated to be 25, to ensure an acceptable 5-unit variance for the mean energy 
density. To allow for a margin of error for any drop-outs or incomplete data, 
a target of 30 mother/ infant pairs was set, in order to ensure the collection of 
complete sample of nutrient intake data, as well as complete sample of nutrient 
profile data from home-prepared meals.
Sample recruitment
Between July and August 2005, all infants between 9 and 10 months of age, 
who visited the clinics for growth and developmental assessment, were initially 
screened by the nurse at the clinics, who had received guidelines from the principal 
investigator (P.I.) on the recruitment procedure (Appendix G). Excluded from 
the study were
• infants who were still being breastfed (due to the difficulties in measuring 
milk consumption)
• infants born prematurely (less than 37 weeks gestation)
• infants in a full-day childcare center (due to difficulties in ascertaining actual 
food & drink intake)
• any infant who had severe illness in the neonatal period or who had a 
prevailing medical condition requiring therapeutic dietary modifications
If an infant met the inclusion criteria, the nurse provided a brief description of 
the study and the information sheet (Appendix A3). The nurse collated details of
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the mothers/ caregivers who agreed to participate and sent the details to the P.I. 
at the end of each week. Upon receipt of the potential subjects from the nurses 
at each of the polyclinics, the P.I. contacted each willing mother/ caregiver by 
phone during the preferred times indicated in the response slips. The purpose of 
the phone call was to explain the objective of the study and the procedures, as 
well as to arrange for a home visit. Once the target of 30 subjects was reached, 
the P.I. informed the nurses at the polyclinics to stop the recruitment.
The participation rate was 47% of those approached (Table 3.1), and par­
ticipation rate from the total number of possible subjects was 14%. Twenty
Table 3.1: Subject attrition and response rate
N %
No. of possible subjects during recruitment period 3591 -
No. who met the inclusion criteria 2091 100
No. of possible subjects approached by nurse 642 31s
No. who declined (see table 3.2) 20 r—1CO
No. who withdrew (see table 3.2) 14 224
No. who participated 30 474
1 D a ta  r e p o rted  b y  th e  r e sp e c tiv e  c lin ic s
2 D a ta  r ep o rted  b y  th e  r e sp e c tiv e  n u rses
3 % b a sed  o n  th e  no . w h o  m e t th e  in c lu sio n  cr iter ia
4 %  b a sed  o n  th e  p o s s ib le  s u b je c ts  a p p roach ed
mothers/ caregivers who were approached declined to participate, and 14 moth­
ers withdrew from the study, because they changed their minds before the home 
visit was conducted.
Reasons for non-participation and withdrawal from the study were similar 
(Table 3.2).
3.2.3 Interview and data collection
The home visits took place between August and September 2005 and was pre­
arranged with the mothers. Interviews with the mothers/ caregiver were con­
ducted solely by the P.I., who is a trained dietitian. Arrangements were made to
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Table 3.2: Reasons for non-participation by mothers/ caregivers at the clinic or 
before home visit (for data collection) respectively: expressed as actual numbers 
observed
C ited reason Declined a t clinic W ithdrew  before home 
visit
Unavailable for home visit 10 3
Inconvenient for home visit 5 1
Not interested 3 1
No reasons 2 3
Unable to contact - 5
Other reasons - 1 (adopted child)
Total 20 14
ensure that the caregiver was available during the home visit, if the mother was 
not the primary caregiver. Before the interview commenced, information on the 
study was reiterated and an understanding of the study objective and process was 
established. Written consent was obtained from the mother before the interview 
proceeded (Appendix A4).
To investigate the mean daily energy and nutrient intakes and to compare 
these with the recommended dietary reference values, a 24-hour diet recall method 
was used to collect food intake information. If the previous 24-hour period was 
atypical of the infants food intake, the mother/caregiver was asked to recall a 
typical dietary intake.A data collection form was designed by the P.I. to structure 
the interview and ensure that essential information was collected (Appendix H). 
The form included particulars of the subject and parents and information of 
the feeding history, e.g. duration of breastfeeding, if any and the age of first 
introduction of cereals. The anthropometric measurements for birth and 9 months 
of age was recorded from the health booklet.
The current diet was the focus of the interview and Figure 3.1 shows a section 
of the data collection form related to the collection of data on the current diet. 
The P.I. solicited information about everything the child had to eat and drink in 
the course of the previous 24-hour period and recorded the information on the 
right-hand column. The quantities were recalled using household measures or
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4. Current Diet 24-h D iet recall
Milk intake
Volume: ml 
No. of milk feeds Der dav:
Morning:
Solid food intake 
No. of meals per day:
Mid-morning:
No. of servinas of fruit Der dav: / not dailv 
No. of servinas of veaetables: / not dailv 
Include at least 1 type of green leafy veg? Y/ N 
No. of servings of meat & alternative per day:
Afternoon:
/ not dailv
Mid-afternoon:
Drink?
Volume of plain water per day: ml
Drinks other than milk and plain water? Y/ N 
If ves. what?
How much?
Evening:
Meals cooked separately? Y/ N 
Seasonings added? Y/ N
Bedtime:
Estimated Calorie Intake:
Figure 3.1: Data collection form for the collection of information of the current 
diet (food consumption patterns were recorded in the left-hand column; 24-hour 
recall and details of home-prepared meals were recorded in the right-hand column
the actual utensils used, which were subsequently measured by the P.I. using the 
metric cups or spoons, which the P.I. carried, to determine the actual quantity. 
If foods were reconstituted, the dry powder and the volume of fluid added was 
recorded. For infant formula, the amount of milk powder and the water added 
was recorded. For home-prepared meals, the recipes, with details of types and 
quantities of ingredients used and cooking method were recorded. For commer­
cial foods, the brand name was identified, and where possible, the packaging of 
the food, was obtained for nutritional analysis. All these details were recorded 
simultaneously with the 24-hour recall in the right-hand column. The number 
of servings of major food groups was summarized by the P.I. subsequently in 
the left-hand column. This information was used as a cross check of the accu­
racy of the 24-hour recall, as well as to provide data to establish the usual food 
consumption patterns. The 24-hour recall was collected once per subject.
Factors affecting the food choices of mothers were also asked. Figure 3.2 shows 
a list of factors that have potential impact on food choices, which were identified
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by the P.I. based on literature and clinical experience. The mothers were asked
6. Factors affecting choice of food
When choosing foods for your child, do you think of the following factors? 
Rate using a scale of 1 (Not at all) to 5 (Totally)
Health
Lonq-term health
Nutritional value
Safety
Practicality
It was available
Better to eat something that is not ideal than not eat anything
Cost
Time taken or difficulty/ ease of preparation
Calorie
Calorie content
Emotional
A reward
A treat
Comfort
Taste
Figure 3.2: Collection of information on the factors that affect food choices for 
the infant -  part of data collection form
to rate the factors that were important to them when choosing foods for their 
infants using a scale from 1 (not at all) to 5 (totally).
Each home visit typically lasted 45 minutes, with the 24-hour dietary recall 
interview requiring an average of 20 to 30 minutes.
3.2.4 Estim ation of energy and nutrient intake
Using the 24-hour dietary recall diaries, mean daily intakes of energy and nutri­
ents (protein, fat, carbohydrate, fibre, vitamin A, calcium, iron and zinc) were 
estimated manually by the P.I., since a reliable computerized nutritional analysis 
program based on food ingredients used in Singapore was not available. The nu­
tritional composition of individual foods used in the diets was obtained from ’The 
Food Composition Guide’ (Health Promotion Board, 2003). Food labels provided 
nutritional information for commercial infant foods. The nutritional information 
was subsequently tabulated in an Excel spreadsheet to be used as the database 
for analysis. Each hand-calculated analysis took an average of 10 minutes. A 
random pick of 10 diets were subsequently re-calculated by the P.I. to check for 
reliability of the manual analysis and it proved to be consistent.
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3.2.5 Comparison of energy &; nutrient intake with  
recommended daily dietary allowances
To evaluate the adequacy of the nutritional intake of the sample population, com­
parisons were made with the ‘Recommended Daily Dietary Allowances (RDDA) 
for Normal Health Persons in Singapore’ (Health Promotion Board, 2007), as 
shown in Table 1.11 (Chapter 1, Section 1.5). The ‘USA Dietary Reference In­
take (DRI) values ’(United States Department of Agriculture, 2007) were used 
if the RDDA was not available. The results were presented as the percentage of 
infants with intakes less than the RDDA for age (or DRI where applicable).
3.2.6 Estim ation of energy and nutrient content of 
home-prepared meals
The energy and nutrient content of the home-prepared meals were also estimated 
manually by the P.I. The energy and nutrient values of the individual ingredients 
used in the recipes for the home-prepared meals were determined from the food 
composition tables (Health Promotion Board, 2003). The values were summed 
to obtain the energy and nutrient content of the meals. As the meals were not 
collected by the P.I., the yield after cooking was not obtained. Hence, the nutrient 
density of the meals, with respect to energy, protein, iron and zinc, was calculated 
as per lOOkcal of the meal, instead of per lOOg volume of food.
3.2.7 Statistical Analysis
Data entry
Data was entered by the P.I. into the Statistical Package for Social Sciences 
(SPSS) version 11.5 program. The data was verified by checking ranges or fre­
quency tables to ensure that there were no missing or abnormal values. If there 
was any missing or abnormal value, the original data collection form was re­
checked and corrections made where necessary.
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Descriptive analysis
Continuous data (anthropometries, energy and nutrient intakes) were checked 
for normality using histogram plot. The mean, standard deviation (s.d.), me­
dian, range and confidence interval (C.I.) were reported to measure the spread 
of the data, as appropriate. Food consumption patterns were summarized using 
frequencies of consumption, e.g. no. of times consumed per day. The median 
was reported for the average serving size for vegetables and meat, poultry or fish 
group. The energy and nutrient intake were described using the mean (s.d.), me­
dian and 95% C.I. The mean energy and protein content of the home-prepared 
meals were described using the mean (s.d.), as well as a scatterplot to illustrate 
the spread of the values.
The relationship between the mean daily energy and protein intake and weight 
gain was investigated using the Pearson correlation coefficient, after the data was 
checked for normality. A correlation coefficient of between 0.3 and 0.49 was 
interpreted as medium strength, while 0.5 to 1.0 was large (Pallant, 2001)
Breastfeeding duration and age of introduction of cereals were summarized 
descriptively.
To determine the factors that influence the mothers’ choice of food for their 
children, a mean score for each factor was calculated and summarized.
Comparative analysis
Statistical significance was set at p < 0.05. Differences in the mean estimated 
energy and nutrient intakes between genders and age groups were explored and 
comparisons were made using the Independent sample Students t-test.
To appraise the mean energy and protein content of home-prepared meals 
against the commercial baby food, a One-sample Students T-test was performed 
to determine if the energy and protein content was statistically significant.
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3.3 Results
3.3.1 Sample recruitment and distribution
Aim (i) Recruit a pre-determined sample size of 30 mother-infant pairs
The target sample size of 30 was achieved. Although sampling was not gender- 
specific, a final distribution close to equal proportion was achieved (16 boys and 
14 girls). While the target group was 9-month old infants, the time of the initial 
screening to the date of home visit took up to 2 weeks to arrange. In addition, 
infants brought to the clinic were not always exactly 9-months of age. Hence, 
the age of the sample population ranged between 9 and 10.5 months (mean 9.7 
months, s.d. 0.45; median 10.0 months).
Table 3.3 presents the anthropometry data at birth of the sample population. 
The weight and length of the girls at birth were statistically higher than the
Table 3.3: Anthropometry data at birth by gender groups, presented with values 
from the population norm: expressed in grams and centimetres respectively
A t  b i r t h
B o y s G ir l s
S a m p l e R a n g e N o r m 1 S a m p l e R a n g e N o r m 1
W eig h t (g) 3 3 6 9 ± 3 3 7 2 8 5 5 -4 0 7 0 3 2 0 0 3 1 7 0 ± 2 2 4 2 9 2 2 -3 6 8 0 3 0 0 0 2
L en g th  (cm ) 5 0 .3 ± 2 .2 4 6 -5 5 50 4 9 .6 ± 1 .6 4 8 -5 3 4 3 .5 2
H ead c ircu m feren ce  (cm ) 3 3 .8 ± 2 .0 3 0 -3 7 35 3 4 .O i l . 1 3 2 -3 6 3 3 .5
1 N orm  refers to  th e  5 0 th p e r ce n t ile  o n  th e  r e sp e c tiv e  S in g a p o re  g r o w th  ch a rts
2 D iffere n ce  b e tw e e n  s a m p le  an d  n o rm  reach ed  s ta t is t ic a l s ig n ifica n ce  (p  <  0 .0 5 ) u s in g  O n e -sa m p le  
T -te s t
population norm (p =  0.014 and p < 0.001 respectively).
The mean age of the mothers and fathers was 32 years (s.d. 4.4) and 36 
years (s.d. 5.9) respectively. Table 3.4 shows that the socio-economic status 
of the sample is above average. More than half of the fathers held professional 
jobs, while more than half of the mothers were in full-time employment as well. 
Seventy percent of the sample reported household income above the average.
Table 3.5 shows that the girls in the sample remained significantly heavier 
(p =  0.002) and longer (p =  0.034) than the population norm at 9 months. In
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Table 3.4: Indicators of the socio-economic status for sample: expressed as % 
within sample
n %
Mothers’ education level above tertiary level1 15 50
Occupation of father2 
- Blue-collar workers 7 23
- White-collar workers 17 57
- Self-employed 6 20
Mothers in full-time employment 17 57
Income above average3 21 70
Living in HDB 4-room4 or bigger flats or private housing 25 83
1 Tertiary education refers to ‘A’ level, Diploma, Degree and above
2 Definition of occupation: Blue-collar workers perform manual or technical jobs; 
White-collar workers hold professional jobs; Self-employed refers to running own 
businesses or in family businesses.
3 Average income of SS3500 (GHS2005; £1 approx S$3.05 as of 23/01/2007)
4 Classification of government-subsidized flats in Singapore
Table 3.5: Anthropometry data at 9 months of age by gender, presented with the 
values for the population norm: expressed in grams or centimetres respectively
9  m o n t h s
B o y s G ir l s
S a m p l e R a n g e N o r m 1 S a m p l e R a n g e N o r m 1
W eig h t (g ) 8 4 7 5 ± 9 0 0 7 3 0 0 -1 0 3 0 0 8750 8 7 2 3 ± 7 0 6 7 7 0 0 -1 0 2 5 0 8 0 0 0 2
L en gth  (cm ) 7 2 .1 ± 2 .3 68 .5 -7 5 71 .5 7 1 .6 ± 2 .5 6 9 -7 7 7 0 2
H ead  c ircu m feren ce  (cm ) 4 5 .4 ± 0 .8 4 4 -4 6 .5 45 4 4 .7 ± 1 .4 4 2 .5 -4 7 4 3 .5 2
1 N orm  refers t o  th e  5 0 th p e r ce n t ile  o n  th e  r e sp e c tiv e  S in g a p o re  g ro w th  ch a r ts
2 D ifferen ce  b e tw e e n  sa m p le  a n d  n o rm  reach ed  s ta t is t ic a l s ig n ifica n ce  (p  <  0 .0 5 )  u s in g  O n e  sa m p le  
T -te s t
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addition, the girls also had a significantly larger head circumference than the 
population norm (p =  0.005). On the other hand, the boys in the sample were 
not significantly different from the population norm.
3.3.2 Total food intake derived from the 24-hour dietary 
recall
Aim (ii) Determine the total food intake from the 24-hour dietary recall
All thirty 24-hour dietary recall diaries were completed. Milk reportedly con­
tributed 62% and 50% of the total daily energy and protein intake of the infants. 
All, except 2 infants, consumed ‘follow-on formula milk’, while none consumed 
whole cow’s milk as the main milk drink. The majority of infants (24/30, 80%) 
consumed between 3 and 5 milk feeds a day. The median milk volume per feed 
was 180ml (range 120ml - 225ml). Total milk intake varied considerably from a 
minimum of 360ml/d to 1400ml/d (median 720ml). The remaining energy and 
protein intake were collectively contributed by cereals, fruits and home-prepared 
meals. Half of the infants consumed cereals at least once a day, while all consumed 
rice porridge at least once a day.
Fruits and vegetables consumption was explored. Table 3.6 shows that veg­
etable consumption was higher than that of fruits, where 60% of the sample re­
portedly consumed vegetables twice daily, compared to 7% who consumed fruits 
two times a day. Common types of vegetables consumed included potatoes, car-
Table 3.6: Frequency of fruits & vegetables consumed by infants daily: expressed 
as numbers and % within sample
Frequency consum ed 
per day
Fruits Vegetables
n % n %
Not consumed daily 20 67 4 13
Once a day 8 27 7 23
Twice a day 2 7 18 60
Three times or more a day - 1 3
rots, spinach, Chinese spinach and broccoli. The consumption of green leafy
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vegetables was high, with at least three quarters of the infants consuming them 
on a daily basis. The median quantity of vegetables eaten at each meal was 
approximately l \  tablespoon of chopped, cooked vegetables. Apples, bananas, 
papayas were the common fruits consumed, although two infants also ate kiwi 
fruit and avocado respectively. Due to the low frequency of consumption and the 
variety of fruits consumed, it was difficult to establish the average quantity of 
fruits consumed at each meal.
Six (20%) of the infants did not consume any meat (beef, pork, lamb), poul­
try or fish the daj  ^ before the dietary record. Fish was predominantly consumed 
(18/30, 60%), while pork was the next commonly consumed protein-rich food 
(9/30, 30%). The median quantity of meat consumed at a meal was approxi­
mately 1 tablespoon (30g). Tofu was rarely given (1/30, 3.3%).
3.3.3 M ean total daily energy and nutrient intake
Aim (iii) Estimate, using the food composition tables, the daily energy, 
protein, fat, carbohydrate, fibre, calcium, iron and zinc intake
Table 3.7 shows the mean daily energy and nutrient intakes of boys and girls in 
the sample. The complete data can be found in Appendix I. The girls had higher
Table 3.7: Mean daily energy and selected nutrients intake by gender
N utrient Boys (n = 16) Girls (n = 14)M ean (s.d) M edian M ean (s.d .) M edian
Energy (kcal) 799 (122.9) 781 817 (143.8) 787
Energy (kcal) per kg body weight 95 (12.9) 92 94 (18.1) 89
Protein (g) 29.1 (6.28) 29.0 33.1 (8.72) 35.0
Protein (g) per kg body weight 3.4 (0.66) 3.4 3.8 (1.05) 4.0
Fat (g) 31.3 (8.00) 30.9 28.7 (7.22) 27.8
Carbohydrate (g) 106 (23.5) 106 107 (22.9) 98
Fibre (g) 1.9 (0.97)1 1.8 3.4 (1.80)1 3.5
Calcium (mg) 728 (225.0) 684 743 (224.7) 711
Iron (mg) 13.8 (3.58) 13.9 12.2 (3.24) 11.7
Zinc (mg) 5.6 (1.78) 5.4 6.4 (2.19) 6.7
1 Girls’ intake significantly higher than boys’ intake (p =  0.01), compared using Independent Sam ple T -test
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estimated intakes of total energy and all nutrients, except fat and iron than the 
boys, although the differences were not statistically significant. However, the 
differences in fibre intake reached statistical significance (p =  0.01). Fibre in this 
thesis refers to soluble and insoluble dietary fibre, excludes resistant starch and 
was analysed by the enzymatic, gravimetric method. The mean energy intake 
(kcal) per kilogram of body weight and mean protein intake (g) per kilogram of 
body weight were also calculated and shown in Table 3.7. Although the total 
energy intake reported from the girls were higher than the boys, the boys had 
a very slightly higher, but not statistically significant, mean energy intake per 
kilogram body weight than the girls, while the opposite was true for protein.
The mean energy intake (kcal) and protein (g) per kilogram of body weight 
were examined using a scatterplot (Figure 3.3a and b respectively). Both figures 
showed that the intake between genders were widely variable, with no consistent 
pattern of one gender consuming higher intake than the other.
The energy intake contributed by each macronutrient is shown in Figure 3.4. 
Boys obtained a higher proportion of their total daily energy intake from fat 
(35.4%) than the girls (31.7%), although this was not statistically significant (p 
=  0.144). The opposite was true for protein, while the proportion of their total 
daily energy intake from carbohydrate was similar.
The relationship between the mean daily energy and protein intake and weight 
gain from birth to 9 months of age was investigated (Figure 3.5a and b respec­
tively). A medium positive correlation was found between the mean daily energy 
intake and the weight gain per month from birth (n =  30, r =  0.369, p =  0.045). 
However, the relationship between the mean daily protein intake and weight gain 
did not reach statistical significance (n =  30, r =  0.355, p =  0.054). Despite the 
higher energy and protein intake amongst the girls in the cohort, there was no 
significant difference in the mean weight gain per month calculated from birth 
(567g/mth for boys versus 617g/mth for girls, p =  0.135)
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Figure 3.4: Percent of total daily energy intake from each macronutrient: shown 
for boys, girls and all infants
3.3.4 C o m p a r is o n  o f  m e a n  d a ily  e n e rg y  a n d  n u t r i e n t
in ta k e s  w i th  r e c o m m e n d e d  d a ily  d ie ta r y  a llow ances
Aim (iv) Compare the mean daily estimated energy and nutrient intake of the 
sample with the Singapore Recommended Daily Dietary Allowances
The mean daily energy and nutrient intakes were compared with the Singapore 
Recommended Daily Dietary Allowances (RDDA). Table 3.8 shows that the mean 
and median daily intakes of most nutrients were above the RDDA (or AI/ EAR 
where applicable), with the exception of energy. The mean daily protein intake
Table 3.8: Mean daily energy and selected nutrients intake of the sample, com­
pared with the Recommended Daily Dietary Allowances
N u tr ie n t M e a n  (s .d .) M e d ia n R D D A 1 %  b e lo w  R D D A
Energy (kcal) 808 (131.0) 785 950 80
Protein (g) 31.0 (7.66) 31.4 18 3.3
Fat (g) 30.1 (7.60) 28.8 302 53.3
Carbohydrate (g) 106 (22.8) 100 952 36.7
Fibre (g) 2.6 (1.59) 2.4 N.D.3 N.D.3
Calcium (mg) 735 (221.1) 699 400 3.3
Iron (mg) 13.0 (3.46) 12.4 7 0
Zinc (mg) 6.0 (1.99) 5.8 3.04 3.3
1 Recommended Daily Dietary Allowances of Normal Healthy Children in Singapore
2 Adequate Intake (National Academy of Sciences, 2002)
3 Not defined for infants less than 1 year of age
4 Estim ated Average Requirement (National Academy of Sciences, 2002)
was nearly two times the RDDA, so was the intake of calcium, iron and zinc.
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3.3.5 Nutritional com position of home-prepared meals
Aim (v) Assess the energy and nutrient content of home-prepared meals (with 
respect to carbohydrate, protein, fat, iron and zinc) and compare to a 
commercial complementary food
Details about the heaviest home-prepared solid meal consumed by each infant 
was obtained from the 24-hour dietary recall. The energy and nutrient composi­
tion was estimated using food composition tables produced in Singapore (Health 
Promotion Board, 2003).
There was a wide inter-sample variation in both the estimated energy and pro­
tein content of the home-prepared meals. The estimated energy content ranged 
from a minimum of 51 kcal to a maximum of 279 kcal and ranged from 2.9 g to 
13.4 g for protein content. As shown in Figure 3.6a, the mean energy content of 
the home-prepared meals (107 kcal, s.d. 46) was much lower than that provided 
by an equivalent serving of commercial cereals (p < 0.001). The mean protein 
content of home-prepared meals (6.9g, s.d. 3.1g) was also lower than commer­
cial cereals (Figure 3.6b), although the difference only reached near statistical 
significance (p =  0.055). The complete data can be found in Appendix J.
As home-prepared meals were predominantly rice porridge with fish, the com­
mercial cereal (Nestle© Rice & Cod Fish cereal) was used for comparison. Com­
mercial baby jar foods are based on “western” foods and would not be an ap­
propriate comparison. As advised on the packaging, 1 serving is equivalent to 
50g dry weight. The commercial cereals had a higher percentage of energy con­
tributed by fat, and a lower percentage of energy contributed by protein content, 
when compared to the home-prepared meals (Table 3.9).
The ingredients used in meals that are high and low in energy, as well as the 
meals that are high and low in protein are listed in Table 3.10. The difference in 
the energy and protein content was mainly contributed by the addition of fish in 
the meals, in addition or substitution for pork stock.
A comparison of the nutrient density per lOOkcal serving of the meals showed 
that the home-prepared meals were significantly lower in fat than the commercial
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Table 3.9: Macronutrient content of the home-prepared meals and commercial 
cereals (Nestle© Rice & Cod Fish cereal): expressed as a percentage of energy 
provided by each macronutrient
H om e-p rep ared  m eals M an u factu red  cerea ls
Protein 27 16
Fat 9 22
Carbohydrate 64 63
Table 3.10: List of ingredients used in preparation of the home-prepared meals 
estimated to have the highest & lowest energy and protein content per serving
H igh  en ergy
(279 kcal per serving)
Low en ergy
(51 kcal per serving)
H igh  p ro te in
(13.4g per serving)
Low p rotein
(2.9g per serving)
Rice porridge Rice porridge Rice Rice porridge
Potato Baby potato Fish Pork stock
Ikan Bilis stock Baby carrot Broccoli Carrot puree
Fish Pork stock
cereals (Table 3.11).
The protein content of the home-prepared meals were, however, higher than 
the commercial cereals and this was also statistically significant. The carbohy­
drate content was similar in both meals. The iron and zinc content of the com­
mercial cereals was significantly higher than the home-prepared meals as well.
3.3.6 Breastfeeding and complementary feeding practices
Aim (vi) Determine the mean duration of breastfeeding and the age of 
introduction of complementary (solid) food, and to compare with the 2003 
practices (Chapter 2)
Most mothers in the sample breastfed initially (28/30, 93%) and continued for a 
median duration of 2 months (range 12 weeks -  7 months). Infant cereals were 
typically introduced by 5 months, however one infant was introduced to cereals 
before 4 months (at around 12 weeks), while another two infants were introduced 
at 7 months. The majority of mothers (21/30, 70%) fed cereals via spoon, rather
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Table 3.11: Nutrient density (per lOOkcal serving) of home-prepared meals to
commercial cereals (Nestle© Rice & Cod Fish cereal): values are expressed per 
100 kcal serving
Home-prepared meals Cereals p-value1
Mean Range 95% C.I.
Protein (g) 6.8 2.7-13.0 1.8 3.8 4.0 <0.0001
Fat (g) 1.0 0.2-5.0 -1.8 -0.9 2.4 <0.0001
Carbohydrate (g) 15.9 3.6-22.0 -1.6 1.7 15.8 NS2
Iron (mg) 0.8 0.2-2.2 -1.9 -1.6 2.5 <0.0001
Zinc (mg) 0.5 0.1-2.5 -1 .4 -1.0 1.7 <0.0001
1 Comparison made using the One-Sample T-test
2 NS =  Not Significant
than added into the milk feeding bottle (which was a common practice reported 
previously in Chapter 2). A third of mothers reported feeding commercial baby 
jar foods sometimes, and they were fruits or dessert-type foods.
Compared to 2003, there appeared to be a shift towards slightly longer du­
ration of breastfeeding and later introduction of complementary foods. In the 
2003 study, the 9-month-old infants breastfed for 1 month on average and were 
introduced to complementary foods at 4 months.
3.3.7 Factors influencing m others’ food choices for their 
children
Aim (vii) Explore factors that influence mothers’ choices of food for their children
The score for each factor was calculated and the mean score is shown in Table 3.12. 
Factors related to health scored higher than the practical, caloric and emotional 
factors in determining the mothers’ decisions on the food choices for their children. 
Amongst the factors, aspects of food safety were apparently the most important 
factor, while the cost of the food was ranked low in the consideration of the 
choice of food. Food chosen for a reward or a “special treat” hardly determined 
the mothers’ choice of food purchase. The taste of the food was apparently a
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Table 3.12: Mean score of the factors that influenced mothers choice of food for 
their children: score of 1 for “not considered at all” to score of 5 for “considered 
totally”
M ean score
Health-related factors
- Long-term health 4.48
- Nutritional value 4.66
- Food safety 4.79
Group mean score : 4.64
Practical factors
- It was available 3.55
- Better to eat something not ideal than not eat anything 3.38
- Cost 2.00
- Time taken or difficulty/ ease of preparation 2.28
Group mean score : 2.80
Calorie factor
- Calorie content 2.45
Emotional factors
- A reward 2.21
- A treat 2.21
- Comfort 2.97
- Taste 3.10
Group mean score : 2.62
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more important factor than the calorie content in the mothers’ decision-making 
process.
The mother’s education level did not have a strong influence on their food 
choices for their children. However, differences in attitudes towards two out of 
the 4 ‘emotional’ factors between mothers of different education level reached 
near statistical significance. Mothers with tertiary education considered choosing 
food for comforting their child or for rewarding their child more than mothers 
with ‘O’ level or under (p =  0.058 and p =  0.084 respectively).
3.4 Discussion
This study successfully collected data on the food intake of a cohort of Chinese 
infants (aged 9 to 11 months) in Singapore, albeit from a population with socio­
economic characteristics above the average. Milk remained an important source 
of nutrition for this group of infants. No significant difference in the mean daily 
energy intake was found between boys and girls in the cohort. Our results showed 
that the majority of the infants did not meet the Singapore recommended daily 
dietary allowances for energy and fat, but dietary intake of protein, iron and zinc 
was adequate. With a wide inter-sample variation in the estimated energy and 
protein content of home-prepared meals, the meals were on average providing 
less energy and protein than the equivalent commercial cereals. Another finding 
from the study indicated that the mothers in this study breastfed for a longer 
duration and introduced complementary foods later, when compared to mothers 
in a previous study in 2003. All mothers considered the long-term health effects 
from a food, the nutritional properties of a food and in particular, the food safety 
issues, when they make decisions about food choices for their children.
Despite the availability of national nutrition surveys in Singapore (conducted 
in 1993 and 1998), the surveys included the adult population who were 18 to 65 
years of age (Department of Nutrition, 2001). A national breastfeeding study 
was completed in 2001 (Foo et ah, 2005), but the study only investigated milk 
feeding related practices. Thus, this is the first time the diets of the older infants
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in Singapore had been investigated to great details.
A 24-hour dietary recall method was used to assess the diet of the infants. 
A longer duration of recording, such as 5 days for energy and 4 days for protein 
suggested by Lanigan et al. (2004) may provide a better representation than a 
one day record. However, Ruel et al. (2003), for the WHO, recommended that 
a quantitative 24-hour dietary recall was adequate to collect data to determine 
the nutrient quality, meal frequency and provide an indicator of complementary 
feeding practices. Hence, the 24-hour dietary recall method was favoured over 
a more complex fewT days food record in our study. Moreover, the 24-hour di­
etary recall method was less likely to induce behaviour alterations, as well as 
impose less subject burden. Food records, on the other hand, require reliance 
and commitment from mothers or caregivers, which would not be practical in the 
population where more than half of the mothers were in full-time employment 
and caregivers are likely to be elderly grandparents.
Other evidence from Horst et al. (1988) showed that the 24-hour dietary recall 
method validated well against the duplicate portion technique amongst young 
children aged 4 to 28 months of age, although the accuracy was determined by 
the food composition table used in the energy and nutrient estimation. In our 
study, a food composition table compiled using local produce was used. The use 
of a food composition table of ingredients close to what the mothers used and a 
home visit where actual ingredients used could be identified, ensured the accuracy 
of the diet analysis. The food eaten by each infant in the cohort was typically 
limited to 10 ingredients or less, hence the process of manual diet analysis was 
manageable.
3.4.1 Sample recruitment and distribution
Aim (i) Recruit a pre-determined sample size of 30 mother-infant pairs
Although the target sample size of 30 was achieved, the sample formed 14% of 
the total number of possible subjects. Sample recruitment was dependent on 
the nurses in the growth and assessment clinic. The daily attendance rate of
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9-month-old infants was variable in each clinic, hence it was not feasible for the 
P.I. to be at the clinic daily. Therefore, the nurses at the clinic were instructed 
on the subject inclusion criteria and were given a written detailed workflow on 
the subject recruitment (Appendix G). The nurses responded well to the study, 
so it was plausible that the reason for a low participation rate was due to the 
high workload of the nurses, which limited the opportunity for them to recruit 
any potential subjects, rather than non-cooperation from them. Reasons for 
declining to participate from the study were mainly due to unavailability and 
inconvenience, which suggested that parents/ caregivers could still have interest 
in the study objectives, but resisted the idea of a home visit. Hence, if the study 
was conducted in the clinic, the participation rate could be higher than that 
achieved in this study.
The indicators of socio-economic status revealed that the cohort belonged to 
a generally well-educated and reasonably affluent group in the population. This 
may imply that this group has a greater interest in the nutrition of their children 
and a willingness to improve their practices compared to their counterparts.
Although the girls in the cohort were found to be larger (heavier and longer) 
than the population norm at birth, they continued to be so even at 9 months of 
age. Therefore, the size at 9 months of age may be attributed to genetic factors, 
rather than an effect of the nutritional intake between birth and 9 months of age.
3.4.2 Total food intake derived from the 24-hour diet 
recall
Aim (ii) Determine the total food intake from the 24-hour dietary recall
Two interesting findings were revealed in the food intake data. Firstly, formula 
milk continued to be a major source of energy and protein at 9 months of age 
for many infants. Only 9 out of 30 of the infants (30%) received more than 
half their total daily energy intake from solid foods. Although the WHO Global 
recommendations (Dewey, 2005) did not specify any guidelines on the proportion 
of energy to be provided by complementary foods, the upper range of 500ml of
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milk intake per day that was suggested was far exceeded in the cohort. Milk 
intake might have been driven by the infant’s need for additional energy intake, 
which was not met by the amount of complementary food. On the other hand, it 
could also be the mother’s or caregiver’s failure to reduce milk feeding frequency 
when complementary foods were introduced.
Secondly, consumption of foods rich in haem-iron, e.g. beef, was reportedly 
uncommon in the cohort. It was recommended by the WHO that meat, poultry, 
fish or eggs should be eaten daily because of the rich iron and zinc content, 
as well as a good source of high quality protein (Dewey, 2003, 2005). Only a 
small proportion of the infants did not achieve this recommendation. However, 
the other concern with the exclusion of this food group, particularly meat, was 
related to the impact on the acceptance of foods of increased texture of foods. 
This has the potential to limit the transition to family meals, and subsequent 
intake of nutrient-dense meals.
3.4.3 M ean total daily energy and nutrient intake
Aim (iii) Estimate, using the food composition tables, the daily energy, 
protein, fat, carbohydrate, fibre, calcium, iron and zinc intake
The mean daily energy intake of the girls was higher than the boys. However, 
the difference was reversed when the body weight was taken into account, albeit 
a small difference. This was not surprising, since the girls in this study weighed 
heavier than the boys. The same pattern was not observed for the mean protein 
intake, where the girls had higher daily protein intake in total and per kilogram 
of body weight than the boys. Unfortunately, the infants were not followed up, 
so the nutritional adequacy could not be related to anthropometry data. Our 
data showed a wide between-subject variation in energy and protein intake, but 
such variability has also been observed elsewhere. Large individual differences in 
the total daily energy intake were demonstrated in a study of preschoolers, aged 
between 26 and 62 months (Birch et al., 1991). Despite a high variability in meal­
time intake, the total energy intake variability within each subject was low. This
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provided evidence to support the hypothesis that children’s intakes at individual 
meals are not independent, and that they have an ability to regulate their energy 
intake at successive meals, hence the total daily energy intake remained fairly 
consistent. Since children have the ability to adjust their daily energy intake, 
the effect of the day-to-day variation in intake is modest. Therefore, the 24-hour 
dietary recall could provide an accurate reflection of the total daily intake.
Dietary fat intake during the first half of infancy provides at least 50% of the 
total daily energy intake, but is expected to decrease when the infant starts com­
plementary foods. In the Chinese population, rice-based complementary foods 
typically replaces milk intake after the first 6 months, which was an observation 
confirmed by Goel et al. (1978). As rice-based weaning diet contains less fat than 
milk, the percentage of dietary fat contributing to the total daily energy intake 
falls and it had been observed by Leung et al. (2000) in a study of Chinese chil­
dren in Hong Kong. The dietary fat contribution to total daily energy intake fell 
rapidly during “weaning” from 50% to 30% by age 1 year (Leung et al., 2000). 
Our study did not track the dietary fat intake of the cohort, however the per­
centage of total daily energy intake contributed from fat was 33.7%. This was 
within the WHO recommendation of between 30% and 40% of energy from fat 
for children up to 2 years of age (Butte, 2000).
The relationship between the total energy daily intake and weight gain is well 
established and a moderate correlation was found in our study. It was interest­
ing that a similar correlation between total daily protein intake and weight gain 
was also observed, however it did not reach statistical significance. Recent data 
suggested an important role of protein intake and weight gain, and it was hypoth­
esized that the differences in the protein content of formula and breastmilk was 
responsible for the differences in the growth between the two, while energy in­
take probably was responsible for differences in adiposity in older infants (Ziegler, 
2006). This study was not designed to investigate in depth the association of the 
daily nutritional intake and growth. Thus, further investigation is required to 
explore these hypotheses.
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3.4.4 Comparison of mean daily energy and nutrient
intakes w ith recommended daily dietary allowances
Aim (iv) Compare the mean daily estimated energy and nutrient intake of the 
sample with the Singapore Recommended Daily Dietary Allowances
The recorded diet appeared to be inadequate in energy, as 80% of the infants had 
mean daily energy intake below the RDDA. However, the RDDA for energy (9 -<  
12 months category) used in the analysis was for infants weighing an average of 
9.5kg (Refer to Table 1.11: Recommended Daily Dietary Allowances for Normal 
Healthy Infants in Singapore). The mean weight of the cohort was less than 
9.0kg. The analysis was repeated using 800kcal as the RDA and the percentage 
of infants with mean daily energy intake less than the RDA was reduced to 36.7%.
The daily energy intake of the infants in our cohort was also lower than the 
median intake of the infants (age group 7 to 11 months) in the ‘Feeding Infants 
and Toddlers Study’ (FITS), which was reported to be 884kcal per day. The 
FITS was a national study in the US that assessed the nutrient adequacy of the 
diets of infants and toddlers using the DRIs (Devaney et al., 2004). However, 
the authors in the FITS concluded that over-reporting by the parents was highly 
conceivable, since parents unconsciously would like to portray that their child is 
feeding well (Devaney et al., 2004). There is less problem of under-reporting in 
infant diet studies than in adult studies, since parents do not wish to be seen 
to be under-feeding their infants (Noble et al., 2001). In our study, the mothers 
were informed that a brief assessment of the adequacy and appropriateness of the 
child’s current diet would be discussed after the interview. This was provided by 
the P.I., in order to encourage an accurate dietary recall. Therefore, there was 
no reason to suspect a possibility of under-reporting by mothers/ caregivers. De­
spite the apparently inadequate daily energy intake, intakes of most of the other 
selected nutrients were adequately met, implying that the cohort was not at any 
risk of developing nutrient deficiencies. Even inadequate iron intake, which is 
the leading cause of iron-deficiency anaemia during the transition to a full solid 
diet, was not apparent in our cohort. This finding cannot conclude, however,
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that the iron intake is sufficient to prevent iron-deficiency anaemia, since there 
were no biochemical indicators in our study to verify this assumption. The ob­
servation that the growth parameters of the infants were within the population 
norms provided some support for the suggestion that the cohort was adequately 
nourished.
On the contrary, there are possibly concerns over nutrient excesses in protein 
and calcium intakes, which likely reflected the high consumption of milk formula. 
The same observation of milk formula contributing to high mean micronutrients 
intake was also made in the FITS (Devaney et al., 2004). Milk formula is high 
in protein and also fortified with calcium, iron and zinc to compensate for the 
lower bioavailability relative to breast milk composition, which often result in 
high micronutrients intake. However, the amount of micronutrients absorbed 
and bioavailable to each infant will determine the nutritional status of the infant. 
In our study, we did not use any biomarkers to determine the nutritional status 
of the infants. Therefore, we could only suggest that the data raised concerns 
over theoretical excesses in micronutrients intake.
There is presently no specific recommendation for dietary fibre intake for 
infants. Agostoni et al. (1995) suggested a gradual increase of dietary fibre intake 
to 5g per day during the second 6 months of life by introducing increasing amounts 
of fruits and vegetables. The mean fibre intake in our cohort was half of the 
recommended value. It was also comparatively lower than that consumed by the 
FITS cohort, which reported 6g of fibre intake per day. Even so, an increase in 
fibre intake should be done cautiously, as there are potential negative effects of 
reducing energy density and nutrient-interactions. Thus, a recommendation for 
the infant age group may be difficult to set. Whether a recommendation for fibre 
intake is necessary is also questionable. Instead, Alexy et al. (2006) suggested 
that the fibre intake recommendation for infants should be based on fibre intakes 
provided in a reasonable diet that would achieve all the other nutrient references.
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3.4.5 N utritional com position of home-prepared meals
Aim (v) Assess the energy and nutrient content of home-prepared meals (with 
respect to carbohydrate, protein, fat, iron and zinc) and compare to a 
commercial complementary food
The home-prepared meals showed great similarity in the ingredients used. All 
were rice-based, to which one or more types of vegetables and fish were typically 
added, as was also reported by Goel et al. (1978) amongst Chinese immigrants 
in Glasgow. Hence, infant feeding practices amongst the Chinese did not appear 
to have changed much over the past decades. However, as the portion size of 
each meal varied, there was wide variability in the energy and protein content, 
event hough the ingredients used were similar.
The energy required from complementary foods for infants aged 9 to 11 months 
of age was calculated to be 307kcal per day, based on longitudinal studies of chil­
dren in the US (Lutter and Dewey, 2003). Based on the energy content per 
home-prepared meal calculated from the study, the infants have to consume the 
meals 3 times a day, while l |  servings of commercial cereals would provide the 
equivalent in energy. The infants in the study consumed 1 - 2  meals of either 
home-prepared meals or commercial cereals, so it implied that the infants in the 
study received less of their total daily energy intake from solid foods than rec­
ommended for their age. This observation has already been discussed in Section 
3.3.2.
Notable differences were observed in the fat and protein content of the home- 
prepared meals and commercial cereal. The higher fat content of manufactured 
cereals compared to the home-prepared meals could be contributed by the milk 
powder present in the cereal mix. Using the same method to fortify home- 
prepared meals is unlikely to be accepted, since milk is not typically used in 
cooking in the Chinese culture. Addition of small amounts of oil, as appropri­
ate, to increase the energy density will probably be more feasible than adding 
milk powder. The mean protein content of the home-prepared meals appeared 
to be exceedingly high. However, the wide range in the values, as shown in Ta­
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ble 3.11 and the widely-spaced points in Figure 3.6b should be highlighted. In 
addition, Figure 3.6b also showed that more than half the home-prepared meals 
had a lower protein content than the commercial cereals. It was suggested by 
Lutter and Dewey (2003) that protein should provide 6 - 10% of energy in a 
fortified processed complementary food, while 24 - 28% and 62 - 70% from fat 
and carbohydrate respectively. Both home-prepared meals and commercial ce­
real are higher in protein and lower in fat than the proposed recommendation, 
Therefore, specific recommendations on ways to improve the nutrient profile of 
home-prepared meals will be particularly useful for mothers/ caregivers.
The iron and zinc content of home-prepared meals was noticeably lower than 
the commercial cereals. However, most cereal-based complementary foods are not 
good sources of iron and zinc due to their high phytate content and poor bioavail­
ability (Lutter and Dewey, 2003). In contrast, the small amounts of iron and zinc 
in the home-prepared meals, which are presumably from animal sources, will be 
better absorbed than the commercial cereals. Besides, the presence of vitamin C 
from the fresh vegetables will enhance the absorption of these micronutrients as 
well.
3.4.6 Breastfeeding and complementary feeding practices
Aim (vi) Determine the mean duration of breastfeeding and the age of 
introduction of complementary (solid) food, and to compare with the 2003 
practices (Chapter 2)
A similar finding to our previous study (Chapter 2) of an enthusiastic start to 
breastfeed, but a poor continuation rate, reinforced that one of the greatest diffi­
culties lies in encouraging a mother to continue breastfeeding. The findings from 
both studies are congruent with the National Breast Feeding Survey 2001 (Foo 
et al., 2005), where the majority of mothers stopped any kind of breastfeeding at 
a median duration of 2 months after birth. The similarities provided confidence 
to this study that despite the small sample size, our findings were representative 
of the feeding trends in the country. It should be noted that this study did not
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differentiate the exclusivity of breastfeeding, given the small sample size, hence 
the duration of exclusive breastfeeding is expected to be even shorter. Thus, the 
challenge remains for Singapore to meet the WHO recommendation for extended 
duration of exclusive breastfeeding for 6 months and continued breastfeeding up 
to 2 years of age.
Whilst infants are first introduced to complementary foods at a later age in 
this study, compared to our previous study (Chapter 2), it was still considered 
an early introduction of complementary foods by the current WHO recommenda­
tion. The reasons for the “early” introduction was not investigated in ths study. 
Wright et al. (2004) recognized that the majority of mothers who introduced 
solids between 3 and 4 months were influenced by their perceived needs of their 
baby (hunger and avid feeding), more so than by any external advice. It is prob­
able our mothers were also greatly influenced by their baby’s cues, rather than 
due to an unawareness of the current recommendation.
3.4.7 Factors influencing m others’ food choices for their 
children
Aim (vii) Explore factors that influence mothers’ choices of food for their children
Previously we found that mothers in Singapore had considerable misunderstand­
ing of the adult “healthy eating” guidelines and applied them inappropriately 
in feeding their children (Chapter 2, Section 2.4.4). The factors that affect the 
mothers’ food choices examined in this study echoed a similar emphasis placed 
on food safety rather than the nutritional value and caloric content of the foods 
offered to their children. Mothers were also willing to go to all extents in order to 
ensure that their babies are fed, as shown by the low priority given to practical 
factors, such as the cost and preparation time of foods. Food choices were not 
strongly related to emotions, although higher educated mothers were more likely 
to use food for comforting their children or as a reward when their children meet 
certain expectations. Whether this suggests an appropriate way of bringing up a 
child or it encourages an erroneous attachment to certain foods is a subject for
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further debate.
3.5 Conclusion
Thirty 24-hour dietary recalls collected from Chinese infants aged 9 to 11 months 
provided two important pieces of food intake data. Firstly, the results of the 
study suggested that the diets of the infants were nutritionally adequate, despite 
a lower mean daily energy intake than the RDDA. This finding did not immedi­
ately raised alarm bells, as the anthropometric measurements at 9 months of age 
showed that the growth of the children was at a good standard, compared to the 
population norm. It should be reiterated that the Food and Agricultural Organi­
zation of the United Nations (2004) did not recommend that average estimated 
energy requirement (EER) be used prescriptively for individuals. Although Food 
and Agricultural Organization of the United Nations (2004) referred to the EER, 
the RDDA was a derivation of the EER and hence, it would be used equiva­
lently. Therefore, when energy and nutrient intake data were compared with the 
RDDA, the interpretation would need to consider in the context of the growth 
data or biochemical indices, where available, to be valid to avoid a possibility of 
inappropriately increasing food intake.
Secondly, the assessment of the home-prepared meals showed that they were 
inferior to the commercial cereals in most cases. The former was lower in energy 
and protein, as well as poorer in iron and zinc content compared to the latter, al­
though the higher iron and zinc content in the commercial cereals was most likely 
due to compensation for lower bioavailability from fortification. Nevertheless, if 
infants are fed home-prepared meals of a lower quality than commercial cereals, 
a large proportion of their total daily energy and nutrient intake would continue 
to be provided by milk formula. Thus, mothers would benefit from guidelines of 
the quantity of ingredients that would improve the nutritional quality of home- 
prepared meals, as these meals would continue to dominate the diets of infants 
and young children.
The focus in infant nutrition has been on the feeding of infants in the first
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half of an infants life than in the second half, such as what milk to feed and when 
to introduce complementary foods. Relatively little attention has been given to 
the transitional period from a semi-solid diet to an adult diet, such as the types 
of complementary foods and even the texture of complementary foods. The in­
creasing dependence on exogenous sources of nutrients for the older infants can 
potentially translate to nutrient deficiencies and subsequently result in an array 
of problems, including feeding problems. Future research should incorporate food 
intake data of at least a second day to take into account possible daily variation. 
Using biochemical indices to provide clinical evidence of nutrient insufficiencies 
and excesses would be important to substantiate any changes to feeding recom­
mendations. Studies involving other ethnic groups could be conducted separately 
to examine if there are any ethnic differences in feeding the older infants, as there 
is already established evidence of ethnic variations in milk feeding practices.
Chapter 4
Current Knowledge and Common  
Practices in Infant Feeding of 
Healthcare Professionals in 
Prim ary Care
4.1 Introduction
Over the past decade, international infant feeding recommendations have changed. 
Factual information on infant feeding can be easily available in books/ magazines 
and instantly accessible from the worldwide web nowadays. On the other hand, 
grandparents and relatives are also keen advisors, on the grounds of their own past 
experiences. It is inevitable that traditional and cultural food beliefs will affect 
the advice from non-healthcare professionals. From our previous study (Chap­
ter 2), 30% of the parents received some information on infant feeding from the 
doctors and nurses at the polyclinics. Whilst there should be no doubt over the 
ability of the healthcare professionals in dispensing knowledge and advice on in­
fant feeding, the data collected in our previous study (Chapter 2) revealed that 
there were variabilities in feeding practices.
Some studies have investigated the knowledge of breastfeeding amongst nurses,
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midwives and doctors. While the mid wives showed an adequate level of breast­
feeding knowledge and favourable attitudes towards their abilities to meet the 
needs of breastfeeding mothers (Cantrill et al., 2003), the nurses and doctors fared 
poorly in both their breastfeeding knowledge and clinical management (Lewinski, 
1992; Freed et al., 1995; Schanler et al., 1999). Similarly, limited knowledge of 
“weaning” guidelines was found amongst pediatric nursing staff of a hospital in 
another study (Williams and Pinnington, 2003). Although all the studies were 
conducted in pediatric or obstetric facilities, the length of experience, as well as 
the opportunities for practice involving breastfeeding mothers or mothers with in­
fants of “weaning” age varied. The exception from the midwives study, where the 
midwives were either accreditated lactation consultants, had more than 6 years 
of professional experience or had personal experience, is suggestive of a positive 
relationship between the contact time with mothers requiring breastfeeding or 
“weaning” information and the knowledge of the healthcare professionals.
Polyclinics are one-stop medical centres that provide an extensive range of 
services for outpatient care for both acute (e.g. fever and flu) and chronic illnesses 
(asthma and diabetes management). Besides maternal and child healthcare, the 
services also include medical attention for the elderly. The opportunities to put 
to practice their knowledge and clinical skills on breastfeeding and “weaning” 
is limited by the the amount of contact time the healthcare professionals have 
at the polyclinic with mothers and young children. Such fluctuations may have 
implications on them keeping abreast with current knowledge in the area of infant 
feeding. Thus, inconsistencies in the knowledge and advice on current practices 
provided by the healthcare professionals may be a contributing factor to the 
variations seen in the infant feeding practices.
4.1.1 Aims of the Study
(i) To recruit doctors, nurses and pharmacists working in the Singhealth Poly­
clinics to complete a questionnaire designed to investigate the knowledge of 
current infant feeding recommendations and complementary feeding prac­
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tices
(ii) To determine the level of knowledge amongst the 3 healthcare professionals 
of revised international and national infant feeding recommendations
(iii) To compare and contrast the knowledge of infant feeding recommendations 
amongst the 3 healthcare professions
(iv) To identify the common practices advised by the healthcare professionals 
relating to the introduction of various complementary foods
(v) To investigate the training in infant nutrition received by the healthcare 
professionals, as well as to investigate the source and frequency of profes­
sional continuing education activities they participated in
4.2 M ethodology
4.2.1 Ethics approval
The study was submitted to the Singhealth Polyclinics Institutional Review Board 
(IRB) for approval on 30th March 2005. Feedback was received from the IRB 
on 13th May 2005 on 2 issues: waiver of consent and maintaining respondent’s 
anonymity. A waiver of written consent was requested by the principal investi­
gator (P.I.) based on the conditions that (a) the research posed no more than 
minimal risk to the subjects, and (b) without the waiver, the research in ques­
tion could not be carried out. The IRB approved the waiver of consent on the 
condition that the subjects were informed that participation in the study is volun­
tary, with no penalty or loss of benefits for non-participation or withdrawal from 
the research. The IRB advised to remove certain questions in the questionnaire, 
e.g. the number of years of experience, the job scope, such as infant vaccination, 
asthma counselling, etc. which could otherwise be definite identifiers for subjects 
who participated in the study in order to protect the anonymity of the respon­
dents. After taking these modifications into account, approval was obtained on
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the 21st June 2005. There were amendments to the questionnaire, after it was 
reviewed by a panel (section 4.2.3) and the questionnaire was re-submitted for 
IRB approval on 8th August 2005. Final approval for the amended questionnaire 
was received on 8th September 2005 (SHP2005/09/A012).
4.2.2 Design and sample recruitment
Study design & questionnaire administration
The study was designed to be a cross-sectional survey investigating the current 
knowledge and common practices of infant feeding of healthcare professionals in 
a primary care setting. The study was conducted using a postal self-administered 
questionnaire (Appendix B2). Questionnaires were sent out to the nursing man­
ager (N.M.) at each clinic. Potential subjects received the questionnaire through 
their nursing manager. The questionnaire began with an initial letter outlining 
the objective of the survey and the contact details of the P.I. should there be a 
need for clarifications. Completed questionnaires were returned to the N.M., who 
subsequently posted to the P.I. via internal mail. The questionnaire was designed 
to be administered by the subject and did not require an interviewer.
Sample recruitment
The principal investigator (P.I.) first made contact with the N.M. of each poly­
clinic via e-mail to inform them of the objective of the study and of the required 
involvement by their staff in September 2005. Where requested, the P.I. arranged 
for a meeting with the N.M. to discuss the details of the study. Only one of the 
polyclinics requested a meeting.
All the N.M. agreed to participate in the study. A total of 320 questionnaires 
were sent out to the N.M. of each polyclinic during the first week in October 2005. 
The N.M. subsequently distributed to each eligible staff in her clinic. Participa­
tion was voluntary and when the questionnaire was completed, it was returned 
to the N.M. The N.M. was asked to return the completed questionnaires to the
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P.I. before 30th October 2005 via the Singhealth cluster internal post, hence no 
postage was necessary.
The sample consisted of healthcare professionals doctors, nurses, pharmacists, 
and pharmacy technicians, from the nine polyclinics under Singhealth. Excluded 
from the study were the staff who were in administrative positions and those 
who have no direct patient contact. The target was to recruit all healthcare 
professionals in the polyclinics who met the inclusion criteria.
4.2.3 Questionnaire development
A draft questionnaire was prepared by the P.I., under the guidance of Dr J. 
Morgan. The objective of the questionnaire was to evaluate the knowledge of 
current complementary feeding recommendations, as well as the current practices, 
amongst healthcare professionals (doctors, pharmacists, pharmacist assistants 
and nurses), who may be working with infants and their parents. Questions 
included were based on the current breast feeding and complementary feeding 
recommendations, and from clinical experience of the common confusing advice 
given to mothers weaning their babies. The questions were designed to be close- 
ended, where respondents chose from a list of pre-existing answers, such as yes/no 
or multiple choice with an option for “other” to be filled.
There were 4 sections in the questionnaire. Demographic data, such as profes­
sion, education, length of working experience, gender, marital status and number 
of children was collected (Section A). Respondents were also asked to estimate the 
amount of time spent having direct contact with parents of infants (Section B). 
Information on continuing education activities, such as the source and frequency 
of update of their knowledge and skills was sought (Section C). Twenty questions 
relating to knowledge on infant feeding recommendations (Q13, Q14 and Q17), 
the benefits of breast milk and of introducing complementary foods (Q15, Q16, 
Q18 and Q19) and on current practices pertaining to introduction of solid foods 
(Q20 to Q32) were included (Section D).
A pilot study involved a panel consisting of 1 medical doctor (paediatrician),
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2 dietitians, 2 nurses was conducted for comments on (i) the choice and clinical 
importance of the topics included; (ii) the options provided for each question; 
and (iii) the wording and structure of the questionnaire. The doctor was chosen 
to provide his opinion from the doctors viewpoint. One dietitian was selected for 
her background in clinical pediatric experience and the knowledge she possessed 
of the feeding issues encountered during infancy. The other dietitian who took 
part in the pilot study was a fellow PhD student. Of the 2 nurses who took part 
in the pilot study, one was a lactation consultant who was skilled in providing 
advice on breast feeding, as well as an experienced researcher in the area of 
infant feeding; the other nurse had extensive pediatric ward experience before she 
assumed the role of a nursing educator. In addition, the draft questionnaire was 
also distributed to a lay member (a social worker) to comment on the readability 
and format of the questionnaire.
Feedback from the panel were:
(a) To indicate clear instructions on whether to tick or shade the circles in 
response to each question;
(b) To exclude the phrase ‘If married’ from Q6, as some people may be divorced 
with children or single parent;
(c) To re-arrange section on current job scope to help with the flow of the 
questionnaire;
(d) To re-phrase Q9 and Q10 from ‘Do you have any training to learn about 
infant nutrition? to ‘Do you have any training on infant nutrition?’ and 
from ‘How do you learn about any new infant feeding recommendations?’ 
to ‘Were you updated on any new infant feeding recommendations?’ re­
spectively;
(e) To clarify Q15, Q16, Q18 and Q19 by specifying that there is a possibility 
of more than 1 answer;
(f) To re-organize the answers for Q26, as it was unclear. The original ques­
tion was ‘What is the order of introduction of foods you would advise a
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mother when she introduces the following foods to her infant? Options 
were (a) Fruit, Vegetables, Meat; (b) Vegetables, Meat, Fruit; (c) Meat, 
Fruit, Vegetables; (d) Other; (e) No particular order.’
Changes were made to the questionnaire as suggested by the panel. Thereafter, 
the amended questionnaire was sent to the IRB for approval before the study 
commenced.
4.2.4 Statistical analysis
Data entry
Data was entered by the P.I. in Microsoft Access database and subsequently con­
verted to a file compatible for use in the Statistical Package for Social Sciences 
(SPSS) version 11.5 for statistical analysis. The data was verified in the conven­
tional manner by checking ranges or frequency tables to ensure that there were 
no missing or abnormal values. If there was any missing or abnormal values, the 
original data collection form was checked for the possibility of a wrong data entry 
and corrections were made where necessary.
Descriptive analysis
All variables were categorical variables and were summarized using frequency 
tables to obtain a percentage of the total and within each profession. Pharmacists 
and the pharmacy technicians were grouped, as the number in each group was 
small. Each correct answer to the 3 knowledge questions was awarded 1 point. 
The total score of each respondent was averaged to obtain a mean score for each 
profession.
Comparative analysis
Statistical significance was set at p < 0.05. The data was checked for normal­
ity using histograms. As the data did not satisfy the condition for normality, 
differences in mean score between groups were analysed using either the Mann-
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Whitney U-test (2 groups) or the Kruskal-Wallis test (3 groups or more). If the 
p-value for Krusal-Wallis test was significant, multiple Mann-Whitney U-tests 
were performed for pairwise comparisons and the p-value was multiplied by the 
number of comparisons made.
4.3 Results
4.3.1 Sample recruitment and distribution
Aim (i) Recruit doctors, nurses and pharmacists working in the Singhealth 
Polyclinics to complete a questionnaire designed to investigate the knowledge 
of current infant feeding recommendations and complementary feeding practices
A total of 224 (70%) questionnaires were returned, of which 4 were incomplete 
(more than 50% of questions left unanswered), hence the final response rate was 
69% (Table 4.1).
Table 4.1: Response rate to questionnaire
n %
No. of questionnaires sent out 320 100
No. of questionnaires returned 224 70
No. of incomplete questionnaires received 4 1
No. of completed questionnaires received 220 69
As Table 4.2 shows, the sample consisted 41 doctors, 12 pharmacists, 8 phar­
macy technicians and 159 nurses. Nurses formed the majority of the sample 
(72%). The response rate varied across the 9 polyclinics, with the lowest response 
from Outram Polyclinic (30%), while Queenstown Polyclinic returned 100% re­
sponse.
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The characteristics of the respondents were similar, as shown in Table 4.3. The
Table 4.3: Characteristics of respondents: expressed as numbers observed and 
% within the sample
No. of responses Frequency d istribu tion
n %
Gender
- Male
- Female
220
25
195
11
89
Marital status 219
- Single 46 21
- Married 170 77
- Others 3 1
Any children 219
-Yes 160 73
- No 59 27
Education 220
- Singapore 207 94
- Overseas 13 6
Length of experience 219
- < 1 year 7 3
- > 1 year 17 8
- > 5 years 41 19
- > 10 years 154 70
Working involving infants
- > 25%
- 50%
- 75%
- 100%
217
147
41
19
10
67
19
9
5
majority were female (89%), married (77%) and have children (73%). Nearly all 
of them received their education in Singapore. More than half of them had more 
than 10 years of experience in their profession (70%). However, a large number of 
the respondents reported spending less than a quarter of their work with infants.
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4.3.2 Level of infant feeding knowledge
Aim (ii) Determine the level of knowledge amongst the 3 healthcare professionals 
of revised international and national infant feeding recommendations
Responses to current international and national infant feeding recommendations 
The number of staff providing the correct answer to the 3 questions relating to 
infant feeding recommendations is shown in Table 4.4. An overall percentage was
Table 4.4: Distribution of respondents providing the correct answer to questions 
on infant feeding recommendations for overall sample and by profession
Q u e s t io n s O v e r a l l
B y  p r o f e s s io n
D o c t o r
N = 4 1
P h a r m a c is t
N = 2 0
N u r s e 1
N = 1 5 9
n % n % 2 n % 2 n % 2
W H O  recom m en d ation  on  
d u ration  o f  b reast feed ing
134 62 22 52 7 35 105 67
Singapore recom m en d ation  on  
d u ration  o f  b reast feed ing
119 55 16 39 6 30 97 63
A ge o f in tro d u ctio n  o f  
com p lem en tary  food s
155 71 18 44 14 70 123 78
C orrect answ ers to  a ll 3 
q u estion s
88 40 7 17 5 25 76 48
1 m iss in g  d a ta
2 % w ith in  p ro fe ss io n
calculated for each question, based on the number of respondents who provided 
the correct answer to the question. A higher percentage of respondents was aware 
of the WHO recommendation on the duration on breast feeding (62%) than the 
Singapore recommendation (55%), while the majority (70%) knew the current 
recommendation for the age of introduction of complementary foods.
The doctors were apparently more informed of the WHO recommendation 
of breastfeeding than Singapore recommendation of breastfeeding or the age of 
introduction of complementary foods. On the other hand, a large proportion of 
the pharmacists were not up-to-date with the recommendations on breastfeeding, 
whilst they knew about the recommended age of introduction of complementary 
foods. A similar pattern was found amongst the nurses, although they were more
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familiar with the recommendations than the pharmacists on the whole. Less 
than half of the respondents (40%) answered all 3 questions on the infant feeding 
recommendations correctly. Overall, the nurses were more familiar with the 3 
recommendations than the other two professions.
Perceptions of the benefits of breast milk and introduction of complementary 
foods
Perceptions of the benefits of breast milk in the short-term and the medium- 
& long-term was examined. As shown in Figure 4.1, ‘protection against gas­
trointestinal infections’ received the highest frequency of responses (88%) for the 
short-term benefit of breast milk, whereas the medium- &; long-term benefit was 
an ‘improve cognitive outcome’ (74%).
°short4erm 
B medium - & long-term
Improves Reduces Protects GI Decreases 
cognition chronic infections atopic
diseases disease
B e n e f i t s  o f  b r e a s t  n i l k
Figure 4.1: Perceptions of the short-term and medium- & long-term benefits of 
breast milk within overall sample
The benefits of introducing complementary food was also examined. Figure 
4.2 shows that the most frequently cited benefit of the introduction of comple­
mentary food was ‘provide adequate and appropriate nutrition’ (90% and 78% 
respectively) regardless of whether short- or medium- & long-term.
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Figure 4.2: Perceptions of the short-term and medium- k, long-term of intro­
ducing complementary foods within overall sample
recommendations amongst the 3 healthcare professions
Comparison of the knowledge of infant feeding recommendations between 
healthcare professions
To compare whether the knowledge of one group of healthcare professionals was 
better than the other, a score was computed based on one point for each correct 
answer for the 3 questions on infant feeding recommendations. The mean score 
obtained by each profession differed significantly (p < 0.001). Doctors and phar­
macists scored significantly lower (both median score =  1.0) than the nurses who 
had a median score of 2.0 (p < 0.001 and p =  0.009 respectively).
Female staff scored higher than male staff scored (2.0 vs. 1.0 respectively) and 
this difference reached statistical significance (p =  0.002). However, the place of 
education, length of experience, marital status and whether they have children 
did not influence the score significantly. The amount of time spent working with 
parents of infants also did not have any effect on the scores.
Aim (iii) Compare and contrast the knowledge of infant feeding
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4.3.3 Common practices relating to  introduction of 
com plem entary foods
Aim (iv) Identify the common practices advised by the healthcare 
professionals relating to the introduction of various complementary foods
Type of first food introduced
Rice cereal was the most common type of food to be introduced first (n =  188, 
86%), followed by wheat cereal (n =  47, 21%) and apple (n =  12, 6%). Some 
respondents gave more than one answer.
Understanding of “gluten-containing” food
More than half (n =  153, 70%) correctly answered that wheat contains gluten. 
There were 62 (28%) and 45 (20%) answers for potato and rice respectively, while 
some respondents gave more than one answer.
Age of introduction of various foods
The age of introduction of 4 different food groups was investigated and the results 
are shown by profession in Figures 4.3. The graphs clearly showed that there 
are variations in the common practices concerning age of introduction of certain 
foods. A large proportion of the sample would introduce ‘gluten-containing’ foods 
at 6 months of age, although a substantial number would introduce at 9 months 
as well. For ‘egg white’, the majority of the sample would advise to start at 
12 months of age. Meat introduction ranged from as early as 6 months of age 
to as late as 12 months of age. Cow’s milk was predominantly introduced after 
12 months of age, however an appreciable proportion would introduce after 15 
months of age (responses in the ‘others’ category).
The respondent’s opinion on the age to start adding salt and sugar to a child’s 
diet and the appropriate time to offer finger foods and family meals were also 
investigated (Figure 4.4). A ‘no added salt’ and/ or ‘no added sugar’ diet was 
predominantly favoured by the respondents, up to at least 12 months of age or
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Figure 4.4: Age of introduction of different food (groups) by profession (* ‘Prefer 
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even 24 months of age for salt. There were also noticeable responses for ‘prefer 
not to introduce’ salt and/ or sugar. Finger foods refer to pieces of foods that can 
be picked up by the child to encourage self-feeding (World Health Organization, 
2000a). The majority would introduce such foods between 8 and 10 months, with 
a smaller proportion of the sample introducing them between 12 and 14 months 
of age. Family foods, i.e. foods that are part of the family meals (World Health 
Organization, 2000a), would be offered between 12 and 24 months of age mostly.
Order of introduction of complementary foods
The order of food introduction was examined. Of the sample, 157 (72%) would 
advise food introduction in a specific order, the rest do not. Table 4.5 shows the 
data on the order of food introduction. Typically, cereals are introduced as the
Table 4.5: Advised order of food introduction (n =  157)
Food group
Order of introduction
jst 2nd 3rd 4 th 5th
n % n % n % n % n %
Fruits 8 6 53 38 46 33 21 15 12 9
Meat
(i.e. beef, chicken, pork)1 "
3 2 3 10 28 20 93 67
Cereal2 133 95 5 4 2 1 - - - -
Vegetables 3 2 65 46 55 39 14 10 3 2
Fish 2 1 21 15 24 17 70 50 22 16
1 M ea t w a s  n ev er  a d v is e d  to  b e  in tro d u c ed  as th e  first fo o d
2 C erea l w a s  n ever  a d v is e d  to  b e  in tro d u ced  as th e  fo u rth  or la s t  fo o d
first food (95% of this sub-sample), followed by either vegetables (46% introduced 
secondly, while 39% introduced thirdly) or fruits (38% and 33% introduced as 
the second and third food group respectively). Half of the group introduced fish 
fourthly, while the majority (67%) introduced meat last.
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4.3.4 Training in infant nutrition and participation in 
continuing education activities
Aim (v) Investigate the training in infant nutrition received by the healthcare 
professionals, as well as to investigate the source and frequency of professional 
continuing education activities they participated in
Thirty-two (15%) of the respondents reportedly received some training on infant 
nutrition while they were on the job, although no specific details of the training 
were provided. However, none of the reported training was formal courses. Infant 
feeding recommendations were most commonly obtained through reading (64%) 
or attending professional talks (53%). Colleagues were also reported to be key 
sources of information for 46% of the respondents. Half of the respondents attend 
professional continuing education activities at least once a month, with 87% of 
the time occurring at their place of work.
4.4 Discussion
This study is one of only a few research studies (Lewinski, 1992; Freed et al., 
1995; Schanler et al., 1999; Register et al., 2000), which critically examined the 
infant nutrition knowledge and the advice relating to infant feeding given by 
healthcare professionals. The results from the study suggested that the health­
care professionals working in the primary care were unfamiliar with current in­
fant feeding recommendations, specifically on breast feeding and complementary 
feeding - 40% of the sample scored perfectly in the questions on infant feeding 
recommendations. Nurses demonstrated better knowledge than the doctors and 
the pharmacists. The possibility of a relationship between the scope of work or 
contact time with mothers and young children was not observed in this study. 
Although there was a general pattern in the advice given to mothers on the order 
and age of introduction of complementary foods, the inconsistencies were also 
obvious.
One limitation of the study was introduced by the use of self-administered
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questionnaires. Whilst the key reason in using a self-administered questionnaire 
was to encourage a high response rate, there was no way to ensure that every 
answer was the respondent’s own and/ or not an outcome of a discussion with 
fellow colleagues or consultation of reference materials. Whether the dicussions 
or further reading took place, the study would leave a positive effect on the 
respondents in that they would have an improved knowledge of current infant 
feeding recommendations and awareness of the common practices amongst their 
colleagues. In addition, an issue with different interpretations of the questions 
could arise in the use of self-administered questionnaires. This was addressed 
in the pilot study, in consultation with a panel of healthcare professionals from 
different backgrounds. The questionnaire received face validation, and several 
questions were re-formatted for clarity (see section 4.2., subsection on question­
naire development).
4.4.1 Sample recruitment and distribution
Aim (i) Recruit doctors, nurses and pharmacists working in the Singhealth 
Polyclinics to complete a questionnaire designed to investigate the knowledge 
of current infant feeding recommendations and complementary feeding practices
The response rate of 70% was very encouraging. However, there was a large vari­
ation in the percentage of staff recruited from each clinic. The poorest response 
was from Outram Polyclinic, where only 30% of the potential subjects responded. 
It is unknown why the response was low. One guess could be related to the fact 
that the areas served by the clinic (Chinatown/ Kreta Ayer) have one of the high­
est proportion of residents aged 60 years and above in Singapore (Kong et al., 
1996). Hence, it is likely that the staff do not perceive that they have a major 
role in providing infant feeding advice and consider the study to be irrelevant. 
As such, we cannot rule out an element of response bias, with those interested or 
those who probably have received current information, more inclined to respond 
than those who were not interested or not updated in infant feeding. Neverthe­
less, the results of the study could reflect the current best practice and provide
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a useful depiction of the common practices amongst the staff who provdes infant 
feeding advice on a daily or weekly basis.
4.4.2 Level of infant feeding knowledge
Aim (ii) Determine the level of knowledge amongst the 3 healthcare professionals 
of revised international and national infant feeding recommendations
Responses to current international and national infant feeding recommendations 
The respondents demonstrated inadequate knowledge of current infant feeding 
recommendations, a result which was comparable to those obtained from another 
study of paediatric nurses in the UK (Williams and Pinnington, 2003). It is highly 
probable that personal experiences would influence the responses to the questions 
on common practices. Although the majority of the respondents have children of 
their own, it is important to remember that infant feeding recommendations have 
been revised over the past ten years, with the most recent in 2003. The respon­
dents may not have kept up with the changes in infant feeding recommendations 
once their children have outgrown the age.
Perceptions of the benefits of breast milk and introduction of complementary 
foods
Exclusive breastfeeding protects against gastrointestinal infection and the pro­
tective effect is enhanced with greater duration and exclusivity (Kramer and 
Kakuma, 2002). The majority of the respondents acknowledged this fact. On the 
other hand, protection of prolonged exclusive breastfeeding against atopic dis­
ease and chronic diseases, and accelerated neuro-cognitive development, are not 
as well established (Kramer and Kakuma, 2002), and the ambivalent responses 
in the study, with the exception of improvement in cognition, verified this lack 
of evidence-based message. The perception of long-term benefits of breastfeeding 
with neuro-cognitive development had probably been fuelled by the widespread 
marketing by milk companies in recent years, of infant formula containing spe­
cific components in breast milk believed to be responsible for stimulating neuro-
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cognitive development in infants. This has demonstrated the remarkable impact 
and the potential educating power of the media and of the food manufacturing 
industry.
Complementary feeding has been universally defined as the process starting 
when breast milk alone is no longer sufficient to meet the nutritional requirements 
of infants, and therefore other foods and liquids are added, along with breast milk 
(World Health Organization, 2003). Thus it is not unexpected that the perceived 
benefits of introducing complementary foods, be it short-term or long-term, was 
to provide adequate and appropriate nutrition. It is established that normal 
healthy infants, whose mothers had good prenatal iron status, will have adequate 
liver iron reserves to last till 6 months, beyond which an exogenous source of iron 
is necessary. However, the importance of introducing complementary foods to 
prevent iron-deficiency in the short-term was not appreciated by the healthcare 
professionals. This could be associated with iron fortification of infant and follow- 
on milk formulas, which has reduced the value of introducing complementary 
foods traditionally needed to supplement the low iron levels in breast milk to 
prevent iron deficiency.
Aim (iii) Compare and contrast the knowledge of infant feeding 
recommendations amongst the 3 healthcare professions
Comparison of the knowledge of infant feeding recommendations between 
healthcare professions
The doctors and the pharmacists scored poorer, in comparison to the nurses, indi­
cating that there is a knowledge gap between professions. Public health education 
is generally associated with the nurses. The role of each professions in providing 
infant feeding advice to their patients are very different. Their perceived im­
portance of this role could be an important reason for the poorer performance 
amongst the doctors and pharmacists, eventhough our analysis showed that the 
job scope did not affect the score. The lack of significance in the analysis may be 
obscured by the unevenly distributed groups in different job scope.
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4.4.3 Common practices relating to introduction of 
com plem entary foods
Aim (iv) Identify the common practices advised by the healthcare 
professionals relating to the introduction of various complementary foods
The results of common practices among healthcare professionals were examined in 
comparison with current infant feeding recommendations from Singapore, as well 
as those from the UK and the US. The WHO does not specifically recommend 
a specific food to give to infants when first starting to introduce complementary 
foods. Detailed recommendations on the amount and nutrient content of com­
plementary foods, meal frequency and energy density, as well as food consistency 
are provided instead and had been summarised in Chapter 1, Section 1.7.3.
Type of first food introduced
Cereals (e.g. rice-based) were the most common to be recommended as the first 
food reported in this study, which is in accordance with the recommendation from 
most countries. In the ‘My Baby’s First Food’ (Singapore) education material 
(Health Promotion Board, Singapore, 2003), rice-based cereal was recommended 
as the ‘first food’, as rice is known to be hypoallergenic. In the ‘Weaning and 
the Weaning Diet’ report (UK) by UK Department of Health (1994), the initial 
aim of introducing complementary food was to accustom the infant to take food 
from a spoon, hence the first foods offered should be smooth in consistency and 
bland in taste. Suitable first foods recommended included infant baby rice or 
pureed home-cooked rice, mashed potato, custard, plain unsweetened yogurt and 
pureed non-fibrous vegetables. On the other hand, in the ‘Start Healthy Feeding 
Guidelines for Children Ages 6 to 24 months’ guidelines (US) (Butte et al., 2004), 
meat was also considered a good first food, because of the rich source of iron and 
zinc, which are important to the infant at “weaning” age. In summary, fortified 
single-grain cereal is presumably the best first food for its low allergenic potential, 
nutrient density and appropriate consistency.
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Understanding of “gluten-containing” food
Not all the respondents could identify the “gluten-containing” food (wheat) from 
the list. Wheat is one of the most common foods associated with allergic reac­
tions. Besides wheat allergy, wheat, together with other gluten-containing grains 
such as rye and barley, can trigger an autoimmune enteropathy known as ‘coeliac 
disease’ in susceptible infants. The genetic basis and mechanism of the disease 
is unknown, but it is established that the avoidance of gluten-containing grains 
before six months of age may in fact prevent the occurrence of the disease (UK 
Department of Health, 1994). However, the adverse reaction is triggered in sus­
ceptible infants with a family history of gluten sensitivity. Wheat allergy and 
‘coeliac disease’ is relatively less common in Singapore than in the West. Thus, 
there has been little emphasis on wheat avoidance, or even avoidance of other 
allergenic foods before a specific age.
Age of introduction of various foods
It is established that for infants with family history of food allergies, they will 
benefit from delayed introduction of the major food allergens (which are wheat, 
eggs, cow’s milk, soy, fish, shellfish, peanuts and tree nuts). In the otherwise 
healthy infants, who are not at risk for allergy, there is, however, no evidence for 
restriction or avoidance of certain foods (Butte et al., 2004). Shek and Lee (1999) 
discovered certain unique features of food allergy amongst Singaporean children. 
Despite the sensitization profile from the skin prick test showed similarities to 
that of children in the West, there were differences in the foods responsible for 
analyphylactic reactions in the children in Singapore, to which the reasons were 
unclear (Shek and Lee, 1999). Thus, there is a question of whether food intro­
duction guidelines established in the West are relevant to our population.
Regardless of the relevance of food introduction guidelines, there are currently 
no specific ages to introduce various foods, with the exception of unmodified cow’s 
milk. Most countries have unequivocally recommended that unmodified cow’s 
milk not be given as a main drink before 12 months of age, due to compositional
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differences between cow’s milk and breast milk, including higher protein and low 
levels of bio-available iron (UK Department of Health, 1994). In this study, the 
majority would introduce cow’s milk after 12 months of age at least, which is 
consistent with international recommendations.
The cariogenic nature of non-milk extrinsic sugars means that foods given to 
infants, at least in the introduction period, should be free from added sugars (UK 
Department of Health, 1994). Concerns with the addition of salt (sodium) stems 
from the perception of immature renal function in infants and young children. 
Butte et al. (2004) in the ‘Start Healthy Feeding Guidelines’ reviewed that despite 
some renal immaturity, most babies have no problem maintaining their water 
balance, even if feedings provide relatively high potential renal solute load. A 
common reason for withholding salt and sugar is related to an acquisition of taste 
preferences, which is believed to originate from early exposures. The relationship 
between early salt intake and later preference for salty foods is not as strong as 
that for sweet-tasting foods (UK Department of Health, 1994). Although salt 
and sugar can be added into the infant’s diet from 10 months of age (Health 
Promotion Board, Singapore, 2003), most healthcare professionals delay till after 
12 months of age, with some even advocating not to introduce them as far as 
possible. However, salt and sugar may become necessary, in order to improve the 
palatability of foods and will be inevitably present in family foods.
Another important aspect of the transitioning diet is to offer foods of var­
ied texture, such as introduction of “finger foods”, which are important for both 
sensory exploration (sensations of different textures in the mouth) and physical 
development (hand-to-mouth coordination when self-feeding). The readiness for 
and acceptance of different food textures appears to depend on the infant’s devel­
opmental stage and prior experience with a particular texture (Butte et al., 2004). 
Therefore, gradually exposing infants to solid textures should facilitate their pro­
gression in accepting textures. It is recognized that a delayed initial introduction 
to solid foods is likely to cause difficulties in weaning, while there is emerging evi­
dence that missing the critical time to introduce solid foods that require chewing 
results in further difficulties (Northstone et a l, 2001). Northstone et al. (2001)
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concluded that the feeding difficulties were more likely to occur amongst infants 
who were introduced to lumps at or after 10 months of age.
The UK Department of Health (1994) advised that separately prepared foods 
are no longer needed by the end of the third stage (i.e. 9 to 12 months of 
age) and that the full family diet can be offered. The responses to offer family 
meals after 12 or 24 months of age were equally frequent in this study. An 
earlier transition, i.e. 12 months of age, to family meals is likely to change 
the nutrient density of the meals young children consume, given that there are 
variety and different cooking methods in the preparation of family meals. Prom 
our previous study, home-prepared infant meals were generally lower in energy 
and selected nutrients. The meals are unlikely to meet the full nutritional needs 
of young children going through a rapid growing phase, coupled with increase in 
physical activity level. Thus, encouraging mothers to transition to family meals 
is noteworthy for emphasis in the basic nutrition education.
Order of introduction of complementary foods
A large proportion of the healthcare professionals in this study advised a spe­
cific order when they introduce cereals, vegetables, fruits, fish and meat to the 
infants. However, Butte et al. (2004) found no evidence for a benefit to introduce 
complementary foods in any specific sequence, with the exception of infants with 
a strong family history of food allergy. The introduction of major food allergens 
such as eggs, milk, wheat, soy, peanuts, tree nuts, fish and shellfish to be de­
layed until after the first year was recommended (Butte et al., 2004). Otherwise, 
there are no recommendations for age-specific introduction of food groups. In 
spite of the lack of scientific evidence for the introduction of foods in any specific 
sequence, it may be helpful from the mother’s perspective.
The introduction of fish as the preferred first protein-rich food for the major­
ity, instead of any types of meat, is presumably related to the perceived texture of 
meat as being too tough for the infant. Thus, preparation can be complicated and 
tedious. However, meat, besides being an excellent source of iron, is also an excel­
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lent source of zinc, another micronutrient potentially at risk during infancy. Like 
iron, it is also critical to psychomotor development. The ‘Start Healthy Feeding 
Guidelines’ proposed meat as the first complementary food (Butte et al., 2004). 
In a study by Krebs et al. (2006), exclusively breastfed infants were randomized 
to receive either meat or iron-fortified infant cereal as the first complementary 
food, starting after 5 months until 7 months when their diets converged. The re­
sults of the Krebs study demonstrated that the introduction of meat as an early 
complementary food was feasible and the infants accepted the taste in a similar 
way to iron-fortified cereals. The infants in the ‘meat group’ were found to have 
higher zinc intakes than the ‘cereals group’, although biochemical data obtained 
at 9 months for iron and zinc status did not differ between the two groups, nor 
were the motor and mental results statistically significantly different (Krebs et al., 
2006). Careful consideration of the contribution of different food groups to the 
nutritional intake of the infants is essential if there should be recommendations 
of specific sequence in introducing complementary foods.
4.4.4 Training in infant nutrition and participation in 
continuing education activities
Aim (v) Investigate the training in infant nutrition received by the healthcare 
professionals, as well as to investigate the source and frequency of professional 
continuing education activities they participated in
The findings of this study were suggestive that the healthcare professionals were 
ineptly trained for their role in imparting infant feeding advice. The majority 
received infant feeding recommendations through reading, although information 
on the type of reading materials was not collected. It was also not known when 
the last time the respondents received the infant nutrition information or had 
discussions related to infant feeding recommendations with their colleagues were.
The healthcare professionals reportedly attend frequent professional continu­
ing education activities, however data on the type and topic of the activities was 
not collected. The Singapore Medical Council maintains the Register of Medical
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Practitioners in Singapore, and has been administering compulsory continuing 
medical education programme since January 2003, in order to ensure that doc­
tors are keeping abreast of medical advances. The Singapore Nurses Association 
and the Pharmaceutical Society of Singapore, which are the professional bodies 
representing the nurses and pharmacists in Singapore respectively, conduct their 
own continuing education programmes as well. However, both associations do 
not enforce compulsory continuing education points, unlike the medical council. 
Moreover, within each healthcare organization, the staff are encouraged to com­
plete certain number of hours of professional continuing education activities per 
year. Therefore, it appears that there are ample opportunities for healthcare 
professionals to maintain their competence and continue their professional devel­
opment in the course of their work. Notwithstanding, the findings from the study 
implied that there was a discrepancy between the existing professional continuing 
education framework and the reality. Further exploration into the types and top­
ics of the continuing education activities each healthcare professional attends, as 
well as the factors that are considered before selecting the continuing education 
activities to attend would likely be helpful to give some clues to the discrepancy.
4.5 Conclusion
The completion of this study involving 9 different clinics provided an insight 
into the current knowledge and common practices of healthcare professionals in 
a primary care setting. This study was valuable in adding to the negligible data 
available on healthcare professionals’ knowledge on infant feeding, particularly 
so in Singapore. Generally, the level of knowledge ascertained from the self­
administered questionnaire failed to meet an expectation required of healthcare 
professionals, i.e. to impart up-to-date knowledge (in this case, infant feeding) 
to the public. Less than half of the respondents in this study correctly answered 
the questions on the current recommendations on infant feeding. The nurses in 
this study fared better than the doctors and pharmacists, which was presumably 
associated with the traditional roles of doctors in making diagnosis/ treating pa­
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tients and pharmacists in dispensing medicine versus providing education. Thus, 
the doctors and pharmacists may have placed less priority on keeping themselves 
abreast with the current recommendation on infant feeding. This conservative 
view of the perceived roles of each healthcare professional needs to be changed 
to improve the quality of care beyond having only a clinical focus.
Variations in the advised age to introduce various complementary foods were 
found. Current evidence, however, does not substantiate the restriction or avoid­
ance of certain foods in otherwise healthy infant, nor the necessity to introduce 
food in a particular sequence (Butte et al., 2004). Thus, the inconsistency 
amongst the healthcare professionals is unlikely to compromise the care of in­
fants, although it can be a cause of confusion amongst mothers. Mothers will 
certainly find advice on the introduction of food helpful, but further evaluation 
is required to consider the nutritional properties of each food group to match the 
changing nutritional needs of the infant at each stage.
The knowledge level of the healthcare professionals in this study did not cor­
roborate with the reportedly high frequency of engagement in continuing educa­
tion activites. The chances that the types and topics of the reported continuing 
education activities was related to infant feeding was low, given that the majority 
do not work with mothers and infants. It was questionable that important in­
formation on the international and national recommendation was disseminated. 
The poor return of the information may be attributed to a low priority and a 
lack of interest given to infant feeding amongst the healthcare professionals in 
this study.
This study was conducted within the Singhealth cluster of polyclinics in Sin­
gapore. It did not represent the entire primary healthcare system in Singapore, 
thus the findings could only be generalized to the healthcare cluster in question. 
Nevertheless, the study provided a significant piece of evidence of the lack of 
up-to-date knowledge in the specific area of infant feeding, as well as revealed the 
inconsistencies in practices amongst healthcare professionals. It could be sug­
gestive of similar issues faced in the remaining primary healthcare settings and 
should be worthy of further research.
Chapter 5 
General Discussion and 
Recom m endations
5.1 Summary of main findings
Three independent studies were successfully completed between 2003 and 2005. 
The studies related to the current infant feeding norms in Singapore, the food and 
nutrient intake of a cohort of Chinese infants and the knowledge and common 
practices held by healthcare professionals in Singapore respectively. The main 
findings from these studies are summarised below:
• The prevalence of breastfeeding in Singapore had increased since the 1950s. 
However, exclusive breastfeeding at birth was uncommon (11%) and was 
rarely practised for the recommended first 6 months of life. Ethnicity, 
mother’s education level and employment status were factors found to influ­
ence whether infants received exclusive breastfeeding at birth in Singapore.
• The majority of the infants (77%) in Singapore was introduced to their 
first complementary foods by 4 months of age, which is earlier than the 
WHO and Singapore recommendation of 6 months of age or after (Health 
Promotion Board, Singapore, 2003; World Health Organization, 2003).
• Ethnicity appeared to have a significant influence on the feeding practices.
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Malay mothers were more likely to breastfeed, as well as to breastfeed for a 
longer duration compared to the Chinese and Indian mothers. The Malay 
mothers also introduced solid foods earlier than the Chinese or Indian moth­
ers.
• The type of milk feeding in the first 3 months of life had a significant 
influence on the length gain from birth to 3 months. Feeding formula milk 
only versus breast milk only or breast milk supplemented with formula milk, 
had an apparent positive effect on the length up to 9 months of age. On 
the other hand, the age of introduction of solid foods did not affect any of 
the growth parameters at 9 months in the infants.
• Mothers misinterpreted the adult “healthy eating” guidelines. The re­
sponses from the mothers indicated that less emphasis was placed on the 
nutritional quality of foods than the food safety issues. A weak inverse 
association emerged between mothers’ attention towards “high fibre” and 
“low fat” intake and the growth of their infants.
• Milk remained an essential part of the diets for the infants at 9 to 11 
months of age, providing 62% and 50% of the estimated total daily energy 
and protein intake respectively. All the infants in the cohort reportedly 
consumed at least one home-prepared meal, such as rice porridge.
• The 9 to 11 month-old infants presented with good growth performance, 
despite a mean total daily energy intake, estimated from the 24-hour dietary 
recalls, that was lower than the RDDA. However, the other nutrients that 
were compared with the relevant RDDA were adequate.
• The home-prepared meals compared to commercial cereals, were nutrition­
ally inferior, with respect to the energy, protein, iron and zinc content.
• The level of knowledge of the infant feeding recommendations amongst the 
healthcare professionals studied was inadequate. Nurses in the study per­
formed better than the doctors and pharmacists.
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• Variable practices pertaining to the age and order of introduction of specific 
complementary foods was revealed amongst the healthcare professionals in 
the study.
5.2 The theory versus the practice
Recommendations on exclusive breastfeeding and age of introduction of 
complementary foods
The findings presented in this thesis suggested that there was a disparity between 
the theory and practice of matters related to appropriate infant feeding practices 
in Singapore. The median length of exclusive breastfeeding and any breastfeeding 
did not meet the internationally accepted recommendation of 6 months and 2 
years respectively (Chapter 2, Section 2.3.2). One plausible explanation for these 
non-accordant feeding practices could be attributed to poor advice on infant 
feeding recommendations, as shown in the study of the knowledge and common 
practices amongst the healthcare professionals (Chapter 4, Section 4.3.2. and 
4.3.3). The alternate explanation could be an inherent issue with the WHO 
global strategy, which has been adopted in Singapore since 2003. There has 
been controversy since the WHO revision of the recommended length of exclusive 
breastfeeding. Foote and Marriott (2003) argued that the WHO “one-size fits 
all” approach may not take sufficient account of the special needs of some infants; 
they also argued that the strategy fails to allow for different problems that are 
encountered in the developed nations compared with economically developing 
countries. While it is a matter of ensuring adequate nutritional intake from a 
food source free of contamination for the infants for as long as is possible in the 
developing countries, the infants in the developed countries are faced with issues 
of rapid postnatal growth and atopic diseases. Therefore, whether the WHO 
global strategy is universally relevant is debateable.
The recommendation of exclusive breastfeeding as the sole nutritional source 
to 6 months of age is likely to be difficult to implement. The findings reported 
in the Infant Feeding Survey 2000 in the UK (Hamlyn et al., 2002) showed a low
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prevalence (10%) of giving breastmilk as the sole source of nutrition at 6 months, 
albeit it was a crude analysis of the prevalence of mothers giving breastmilk at 
different ages. The most common reason for discontinuing breastfeeding, cited 
by mothers in the UK, was the “insufficiency of breastmilk” (Hamlyn et al., 
2002). On the other hand, the reason for early “weaning” commonly reported by 
mothers who fed solids before 4 months was that “the baby was not satisfied” 
(Morin, 2004). Whether it was different between infants breastfeeding or feeding 
formula milk was not stated.
One difficulty of maintaining exclusive breastfeeding to 6 months of age might 
be complicated by the infant’s physiological demand for energy. Exclusive breast­
feeding may be theoretically adequate to meet the needs of all infants up to 6 
months. Butte et al. (2002) argued that breast milk production is driven by 
the infant’s growth potential. Therefore, the range of breast milk intakes are 
likely, in theory, to match the energy and protein requirements of growing infants 
during the first six months of life (Butte et al., 2002). However, micronutrient 
deficiencies are possible in a subgroup of exclusively breastfed infants, with the 
risk becoming greater as the duration of exclusive breastfeeding increases (Butte 
et al., 2002). Reilly et al. (2005) reviewed the volume of milk transfer from 
mother to baby and the metabolizable energy content of breast milk in the devel­
oped world setting. The authors concluded from their systematic review that the 
mean metabolizable energy intake is lower than previously assumed or quoted 
in the literature, thus opening to question the apparent adequacy of exclusive 
breastfeeding to 6 months. Subsequent analysis by Reilly et al. (2005) of the 
nutritional adequacy of exclusive breastfeeding to age 6 months proposed that 
the mean average metabolisable energy provided in breast milk did not meet the 
average energy requirements of an infant at six months of age. This has an im­
plication on the age to introduce complementary foods, thus raising the need to 
review the recommendation of introducing complementary foods after 6 months 
of age.
Whilst breast milk or formula milk may theoretically provide adequate energy 
and nutrients beyond even 6 months of age, Morgan (1998) calculated that the
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volume required to achieve this will become so great that most mothers will not be 
able to produce the necessary quantities and the infant will not have the capacity 
to digest and absorb the volume. Thus, appropriate complementary foods will 
become essential to supplement the diet at a point during the first year of life.
On the other hand, the evidence for the protective role of breastfeeding against 
obesity is accumulating (Delisle et al., 2005). Associations between breastfeeding 
and beneficial effects on blood pressure, blood cholesterol levels have also been 
suggested (See Table 1.15 in Chapter 1, Section 1.6). Thus, there are concerns 
that early “weaning” leads to rapid postnatal growth. Mehta et al. (1998) re­
ported that the early introduction of solid foods (at 3 to 4 months of age) to 
an infants diet did not alter growth or body composition. Morgan et al. (2004) 
reported that “weaning” before 12 weeks was associated with larger infants be­
tween 12 weeks and 18 months of age. However, any significant differences be­
tween groups “weaned” early or late disappeared thereafter. Thus, Morgan et al. 
(2004) suggested that larger infants were more likely to be given solids by 12 
weeks, but that this did not result in accelerated growth during infancy. Reilly 
et al. (2005) also published results from a large prospective cohort study of in­
fants in the UK that the timing of introduction solid food was not a significant 
predictor of a risk of obesity at age 7. Our study also found that the age of 
introduction of solid food had no significant impact on the growth of the infants 
up till 9 months of age.
Another argument for delaying the introduction of additional foods is the 
association between early introduction of additional foods and shortened breast­
feeding duration. Most studies did not differentiate between introduction of solids 
and formula (Hornell et al., 2001). The nutritional, as well as non-nutritional, 
benefits of breastmilk are unequivocal, hence to keep an infant on breastmilk for 
as long as possible would be a natural course. The study by Hornell et al. (2001) 
observed that giving an infant formula milk is more likely to result in a fast de­
cline in breastfeeding than giving solid food. The reason is that the introduction 
of solids is a slow process and the infant has to learn to handle the food properly 
before the volumes can be increased much, versus the immediate consumption
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of large volumes of formula milk (Hornell et al., 2001). The evidence supporting 
the “early” introduction of solid foods and the link to heavier children or de­
clining breast milk intake has not been adequately strong to justify the delay of 
introduction of solid foods to after 6 months of age.
Nutrient composition of complementary foods
There are recommendations on the age to introduce the first complementary 
food and some limited advice on the type of suitable first foods. However, there 
has been no attention paid to the nutrient composition of complementary foods, 
especially for the older infant (aged 6 to 12 months). When mothers in Singapore 
were asked about the type of foods for their infants, 92% considered a wide variety 
of foods to be important (Chapter 2, Section 2.3.10). On the other hand, 96% 
and 72% also incorrectly attached an importance to a high fibre and low fat diet 
respectively. This situation was very similar to the UK in the 1990s (Morgan 
et al., 1995). Thus, it is essential to recognize that mothers need to be guided on 
the types of food that are appropriate for their infants.
Identifying the right energy and nutrient guidelines for infants in different cir­
cumstances is a complex task for any healthcare professionals. There are several 
different sources of information that exist, such as Food and Agricultural Or­
ganization of the United Nations (2004), Dietary Reference Intakes (DRI) from 
the US (National Academy of Sciences, 2002) and the Dietary Reference Values 
(DRV) from the UK (UK Department of Health, 1991). Harmonization of these 
various recommendations is needed to ensure a standardized approach (Lutter 
and Dewey, 2003). Moreover, the energy and nutrient guidelines may not be 
appropriate to interpret as a prescription for each individual under all condi­
tions. Thus, attention to the energy and nutrient composition of complementary 
foods becomes a key aspect of ensuring adequate nutrition of infants and young 
children.
Lutter and Dewey (2003) provided a framework for the energy and nutri­
ent composition of fortified complementary foods. Using the most recent energy
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balance studies conducted in the US (Butte, 2000), Lutter and Dewey (2003) 
estimated the average daily energy requirements necessary from complementary 
foods (Table 5.1). It was suggested that the energy requirements from comple-
Table 5.1: Average daily energy requirements from milk and complementary 
foods by age, based on longitudinal studies of US children (Lutter and Dewey, 
2003)
A ge group  
(m onths)
Total daily energy  
requirem ent 
(kca l/d )
Energy intake 
from m ilk  
(kcal/d )
Energy required from  
com plem entary foods 
(kcal/d )
6-8 615 413 202
9-11 686 379 307
12-23 894 346 548
mentary foods can be rounded off to 200kcal for infants aged 6 to 8 months, 
300kcal for infants aged 9 to 11 months and 550kcal for young children aged 12 
to 23 months (Lutter and Dewey, 2003). Thus, the proportion of complemen­
tary food intake daily was calculated to be approximately 33% of total energy 
intake for infants aged 6 to 8 months, increasing to 44% and 62% for the 9 to 
11 month-old infants and 12 to 23 month-old children respectively. However, 
it is acknowledged that there is individual variation in the daily intake, as was 
demonstrated in our study (Chapter 3, Section 3.3.3). Therefore, a range for the 
energy required from complementary foods may be more realistic and practical 
than a point estimate.
The WHO Guiding Principles (Dewey, 2003, 2005) recommended a meal fre­
quency of 3 to 4 times a day for the infants aged between 9 and 11 months. In our 
study, most infants consumed two meals of complementary foods a day (Chapter 
3, Section 3.3.2). Based on the guideline of the energy content of complemen­
tary foods as discussed above, each meal should provide approximately 150kcal. 
The median energy content of a home-prepared meal (107kcal) was found to be 
lower than that recommended (Chapter 3, Section 3.3.5). Thus, an infant who 
consumes 2 average home-prepared meals would not be able to meet the required 
energy from complementary foods (a deficit of lOOkcal per day). The infants in 
our study demonstrated appropriate growth despite the lower energy density of
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the home-prepared meals compared to the recommended 150kcal, as well as lower 
mean total daily energy intake than the RDDA. This was not surprising, given 
that milk provided 62% of the total energy intake in this age group, higher than 
the recommended 56% by Lutter and Dewey (2003). This demonstrated that 
infants have the innate ability to self-regulate their energy intake by consuming a 
greater volume of milk when given complementary meals of lower energy density.
Knowledge of healthcare professionals
Whilst there is “harmonization” of infant feeding and the implementation of pol­
icy, scientific information needs to be translated by healthcare professionals to 
practical advice and be disseminated to the public. Frontline healthcare profes­
sionals play an important role. However, the results from our study cast doubts 
over the effectiveness of healthcare professionals in fulfilling the role of advisors 
to mothers/ caregivers on feeding their infants. Infant feeding recommendations 
were revised in 2003. However, in 2005 when our study was conducted, less than 
half of the healthcare professionals who responded were able to demonstrate sat­
isfactory knowledge of the current recommendations on optimal infant feeding 
(Chapter 4, Section 4.3.2). This finding was worrying, despite the professional 
associations and institutional opportunities for professional continuing education. 
Thus, the expectation that all new and any revised policy/ recommendation will 
be disseminated to healthcare professionals cannot be assumed.
5.3 The way forward to improve the current 
situation
In the UK, infant feeding patterns and subsequent nutritional status of children 
has been a matter of national responsibility and infant feeding has been subjected 
to substantial state intervention (Murphy, 2003). As described by Murphy (2003), 
there is apparently an elaborate state-sponsored apparatus for the dissemination 
of advice about optimal infant feeding practices, antenatally and continuing into
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the infants first year of life, which involves midwives, health visitors and the 
mother.
In Singapore, there is no statutory supportive system for the feeding of in­
fants and young children. If issues of infant feeding are to receive state interven­
tions, this will require the acceptance of appropriate evidence-based infant feeding 
guidelines, which are essential for attaining and maintaining proper nutrition and 
health. The 2001 WHO global strategy urged governments to share responsibil­
ity for ensuring the fulfillment of the right of children to the highest attainable 
standard of health and the right of women to full and unbiased information, and 
adequate health care and nutrition (World Health Organization, 2003).
In the study on infant feeding practices (Chapter 2), it was determined that 
breastfeeding promotion should target the Chinese mothers and mothers with 
low educational level. Postnatal customs and cultural practices have significant 
influences on decisions to breastfeed. Thus, advice on complementing breastfeed­
ing with confinement practices from relevant healthcare professionals should be 
highlighted to the Chinese mothers antenatally. Educational level is intertwined 
with other socio-economic factors. A further survey on the barriers to breast­
feeding amongst mothers with low educational level would be necessary to plan 
the programmes targeted at this group. Emphasis should be placed on sustaining 
breastfeeding, as well as initiating, as observed from the swift decline in breast­
feeding throughout the first 3 months in our study. “Milk insufficiency” was 
the most common reason reported for early cessation of breastfeeding. Without 
adequate support, mothers lose the confidence and commitment towards breast­
feeding. Healthcare professionals in primary care should offer the appropriate 
support to mothers, by identifying themselves with a badge, and be available for 
mothers who need to seek help. Ideally, nurses in these clinics should receive 
some training from certified lactation consultants.
Besides improving breastfeeding practices, attention on the nutrient compo­
sition of home-prepared meals is also needed, since these meals are believed to 
predominate the diets of infants and young children. The study on food and nu­
trient intake (Chapter 3) revealed that home-prepared meals are lower in nutri­
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tional quality than commercial cereals. Mothers/ caregivers need to be educated 
on how to transition the infant from a milk only diet to one containing family 
foods, without compromising the nutritional status of the infant, such as the 
quantity and type of foods in the home-prepared meals, and the concurrent ad­
justment of milk volume and/ or frequency. At present, the booklet by the Health 
Promotion Board, Singapore (2003) titled ‘My Baby’s First Food’ contains some 
of this information, such as suggested quantity of each food group to be given 
at each age group. However, the booklet did not appear to be readily available 
at the clinics visited. Informal checks with the nurses revealed that many were 
not aware that it existed. Thus, the guidelines on food preparation during the 
complementary feeding period should be incorporated into the existing checklist 
and the healthcare professional should discuss with the mother/ caregiver during 
each of the growth & development assessment clinic session that takes place at 
various stages during the infant’s first year of life. In addition, the likelihood 
of grandparents as the primary caregivers need to be considered when the infor­
mation is being shared, as Jiang et al. (2006) found that grandparents played 
an important role in planning and cooking family meals, as well as influencing 
the child’s nutrition and eating habits. In Singapore, grandparents are often the 
primary caregivers of the older infants, as the data collected in the infant feeding 
practices study showed (Chapter 2, Section 2.3.1, Figure 2.4). However, mothers 
are often the persons who bring the infants to the clinic, thus there is a possibility 
that the information will not be relayed. Besides, grandparents will have their 
own views and ideals of healthy, nutritious meals for the infants, which are influ­
enced by their own experiences. There may also be cultural barriers to instruct 
the elder generation what to and what not to do. The inter-generation issues are 
tricky, but vital, in improving feeding practices and requires special attention in 
any attempts to address the feeding practices.
All efforts in educating the mothers/ caregivers will be wasted if the healthcare 
professionals providing the information and support in breastfeeding and com­
plementary feeding are inadequately equipped with updated recommendations. 
The results from the study investigating the current knowledge and common
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practices in infant feeding amongst healthcare professionals in primary care were 
worrying, as many were unaware of the current recommendations and there were 
also inconsistencies in their practices. For the on-going institutional professional 
continuing education programmes, dietitians should be engaged to educate and 
update the staff about recent revisions and developments in nutrition policy and 
recommendations, in order to ensure that the information is always accurate and 
up-to-date. However, the finding that no formal training was apparently received 
by these healthcare professionals to perform a specialized role of nutrition edu­
cation needs to be addressed further. It should be highlighted that there are few 
dietitians in the primary care setting in Singapore, so doctors and nurses have the 
responsibility to provide nutrition education, be it in the area of infant nutrition 
or obesity or others. There are two idealistic propositions to improve the quality 
of nutrition care in the primary care setting. Firstly, doctors in primary care 
settings, i.e. General Practitioners, should receive post-graduate qualifications in 
nutrition and dietetics. It is inevitable that there will be questions asked about 
food when diagnosed with certain illnesses, so doctors have a major role in ensur­
ing accurate and evidence-based nutrition messages are conveyed. Secondly, each 
clinic should have a group of nurses who have had formal nutrition education, 
such as that proposed for the doctors, to assume the role of a “nurse-nutritionist”, 
to provide general nutrition counselling in the primary care setting. To achieve 
the goal of post-graduate nutrition education for the doctors and nurses, a further 
study to evaluate the nutrition knowledge possessed by these professionals will 
be required to provide evidence to justify the necessity.
5.4 Suggestions for future work
The data presented in the thesis is unique in that it is the first set of complete 
information on milk feeding and complementary feeding trends in Singapore. 
This will be useful for policy makers in indicating trends, although it is not 
claimed that the findings are representative of the population as a whole. The 
findings presented here are nevertheless crucial in driving future health promotion
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campaigns. There are national surveys conducted in Singapore every 5 years, 
which report on the diets and health of Singaporean adults (e.g. National Health 
Survey and National Nutrition Survey). Results from these surveys were being 
used by the HPB to plan health promotion campaigns and messages. Similar 
surveys at 5-yearly intervals to those on adults should be undertaken for infants 
and children, to collect information on milk feeding practices, as well as the 
energy & nutrient intake, energy & nutrient density, frequency of feeding and 
the amount of energy consumed per meal from complementary foods, in order 
to understand the nutritional demands of this population. Such information is 
pertinent in formulating infant feeding guidelines that are specific to the multi­
ethnic population of Singapore.
All the infants in the food and nutrient intake study consumed rice porridge, 
with half of them still consuming cereals (Chapter 3). Unfortunately, the study 
was not designed to collect details about the texture and consistency of the meals 
at the same time. Much research has focussed on the quantitative aspect of 
energy and nutrient intake in the literature. However, one study by Northstone 
et al. (2001) highlighted that the late introduction of “lumps”, i.e. from 10 
months of age, may be associated with increased difficulty in feeding the child by 
15 months. There was also a tendency for infants introduced “lumps” after 10 
months to be given more sweet food than the group who was introduced between 
6 and 9 months. However, the definition of “lumps” in the study was based on 
the mother’s perception of what constitutes “lumps” in the meal (Northstone 
et al., 2001). Nevertheless, the importance of timely introduction of “lumps” 
into an infant’s diet cannot be disregarded. Further studies are warranted to 
firstly, reach an agreement on the definition of “lumps” and secondly, to determine 
the obstacles for mothers/ caregivers to introduction ‘lumps’ during the critical 
window. Loosely related to the introduction of “lumps” and progression to family 
foods, it will be of interest to evaluate the diet of the toddlers (aged between 1 and 
3 years) in Singapore. Informal reports of delaying to offer family foods due to 
perceptions of “added salt and seasoning in family foods” and “my child does not 
have full set of teeth yet” are common. However, no research has been conducted
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to explore the obstacles to progression to family foods amongst toddlers and 
whether the perceptions have any impact on the feeding habits and nutritional 
status of young children.
5.5 Conclusion
This thesis combined results from three cross-sectional studies that investigated 
aspects of how and what infants are fed in Singapore, as well as explored the 
current knowledge and common practices of the healthcare professionals in pri­
mary care, who have key influences on the infant feeding practices of mothers/ 
caregivers. The infants in the studies were not fed according to the recommenda­
tions in the WHO global strategy (World Health Organization, 2003), which has 
been considered to be optimal for most infants. The execution of the theoretical 
recommendations appeared to be faced with several difficulties, such as
• a need to meet the physiological demands of the infant - e.g. the perceived 
insufficiency of breast milk to continue breastfeeding,
• a practicality issue - e.g. mothers’ return to work and inconvenience to 
continue breastfeeding,
• mothers’ incorrect perceptions of infant nutrition - e.g. misinterpretation of 
adult “healthy eating” guidelines and emphasis on the non-nutritive aspects 
in food choices (such as food safety)
• insufficient advice for food preparation
• inconsistencies in the feeding guidelines advised by the healthcare profes­
sionals
The area of infant nutrition has been neglected by healthcare professionals. 
With the strong evidence of the impact of early nutrition on later chronic disease 
(Godfrey and Barker, 2000), and emerging evidence that the sensitivity to nutri­
tional programming is not only during fetal life, and also in later life (Delisle et al., 
2005), attention needs to focus on optimizing feeding practices during infancy.
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A  STUDY ON INFANT FEEDING PRACTICES
It is known that infant feeding practices, such as the duration and exclusivity of 
breastfeeding and the age of introduction of complementary foods (solid foods 
and infant formula) can have an impact on growth and nutritional status. Since 
2001, the World Health Organization has recommended exclusive breastfeeding 
for the first six months of life, with the introduction of complementary foods 
thereafter. The implementation of this recommendation is not fully understood. 
There is particular concern amongst health care professionals as many mothers 
living in the more affluent regions in the world introduce complementary foods 
before 6 months.
This study aims to identify the current feeding practices of children of the 3 ethnic 
groups in Singapore to determine the compliance to international and national 
guidelines and whether non-compliance has any impact on growth. It is hoped 
that the results of the study will enable a better understanding of the feeding 
practices in our population and allow the identification of areas for improvement. 
In this study, all suitable mother/infant pairs seen at the vaccination and general 
clinics of the identified Singhealth Polyclinics, who agree to participate in the 
study will be referred to the principle investigator. The weight, height and head 
circumference of the child will be measured. Information on past milk feeding 
practices and time of introduction of specific foods will be obtained through 
interviewer-assisted questionnaires. There will be no blood taking or 
investigations on your baby. Follow-up is not necessary and there will be no costs 
incurred or remuneration for participating in this study. All data collected will be 
stored in a database and individual information will be identified with a number 
only.
Please feel free to speak to me (the study principal investigator) if you have any
queries.
Ms Han Wee Meng 
Principal Investigator, Dietitian
.2 Infant Feeding Study
Written Consent Form Obtained from Mothers/ Caregivers at the Clinic
UniS
University of Surrey
Patient Identification Label Polyclinics
In collaboration with:
£^f"sin9H calth  
r » ~ i .  .^,1
Consent Form
I, the undersigned, voluntarily agree to participate in the study titled ‘A Study on 
Infant Feeding Practices’.
I have read and understood the Information Sheet provided. I have been given a 
full explanation by the investigator of the nature, purpose, location and likely 
duration of the study, and of what I will be expected to do. I am aware that full 
access to my child’s medical records will be necessary for the collection of data, 
but it will be done in confidentiality. I understand that I can withdraw from the 
study at any time and without the need to give a reason.
Name of parent/ guardian..................... .............................................................
(BLOCK CAPITALS)
NRIC No. .............................................................
Signed by parent/ guardian .............................................................
Date
Thank you!
Ms Han Wee Meng 
Principal Investigator, Dietitian
A .3 Food & Nutrient Intake Study
Information Sheet Given to Mothers/ Caregivers at the Clinic, with Consent to
Contact by Phone
UniS
University of Surrey
In collaboration With:
Polyclinics
SingHealth
Information Sheet
Evaluation of Nutritional Intake of 9 to 11 month old Infants
Adequate nutrition during the period from birth to two years of age is critical for optimal physical growth, 
good health and favourable behavioural development. It is recognized that exclusive breastfeeding for the 
first six months of life would provide the best form of nutrition for an infant. While complementary foods, 
i.e. foods other than breast milk, are necessary after six months to meet the changing nutritional 
requirement of infants, there is no common consensus as to what constitutes an appropriate choice to 
ensure that nutrient needs are met.
The aim of this research is to evaluate the nutritional intake of infants aged between 9 and 11 months of 
age in Singapore and to appraise the nutritional quality of home-prepared infant meals against 
commercially available products. The investigator will conduct a home visit to interview the mother or 
main caregiver to determine the quantity of foods and drinks your child consumes over a 24-hour period. 
She will also collect information on past feeding practices and general demographics of the family. There 
will be no blood taking or investigations on your child and follow-up is not necessary. All data collected 
will be stored in a database and individual information will be identified by a number only. On completion 
of the research, nutrition assessment and dietary recommendations will be provided as necessary. You 
may refuse to participate or withdraw from the research at any time, without the need to give a reason 
and without penalty.
The results will provide information on the types and quality of complementary foods given to infants aged 
between 9 and 11 months in Singapore, which will assist to establish dietary guidelines and identify 
specific nutrients of concern for this population. Your participation to make this research a success will be 
appreciated!
Thank you!
Tear off completed portion and return to the P. I. every Monday.
Ms Han Wee Meng 
Principal Investigator/ Dietitian
I have read and understood the information sheet provided. I am interested to participate in the research 
and will be happy to speak to the principal investigator for more details.
I can be contacted at: Tel. No.___________________ (H) or____________________(Mobile).
Preferred day________________ and time________________ to_________________ (if any)
Signed___________________ Name________________________________Date.
Affix Patient sticky label Address:
A .4 Food & Nutrient Intake Study
Written Consent Form Obtained During Home Visit
UniS
University of Surrey
In collaboration with:
Polyclinics
SingHealth
Consent Form
I,.
of
NRIC No. 
BC No. _
parent
have
voluntarily agreed to participate in the research titled ‘Evaluation of Nutritional 
Intake of 9 -  11 month old Infants’.
I have read and understood the Information Sheet provided, and been given a 
full explanation by the investigator of the purpose, nature, likely duration of the 
research, and of what I will be expected to do. I understand that I can refuse 
to participate or withdraw from the research at any time, without the need to 
give a reason and without any penalty.
Signature
Date
Thank you!
Ms Han Wee Meng 
Principal Investigator/ Dietitian
A ppendix B 
Questionnaires
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.1 Infant Feeding Study
Interviewer-administered Questionnaire
UniS
University of Surrey
In collaboration w ith :
wE* SingHealth
Polyclinics
A Study on 
Infant 
Feeding practices
Date: / /2003
Reference Number
Infant Feeding Study
Reference Number
1. Anthropometric Data
1.1. Birth
Weight
Length
Head Circumference 
Gestation Age
g
cm
cm□□weeks
1.2. Current
Weight
Length
Head
Circumference
Mid-arm
circumference
I I I . I I cm
1  J 1 cm
kg
1.3. Growth History
Source of data a: health booklet1 □  case sheets2 □
Age (months) Weight (kg) Length (cm) Head Circumference fern)
.□
--t" — - ! ~ “t™+—*f-—+■
Questionnaire continues. Please turn 
over to next p ag e .......
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Infant Feeding Study
_____________________________________________________ Reference Number!
2. Milk Feeding Practices
2.1. Which type(s) of milk have you fed to your baby and at what ages were the milk(s) 
given? I f used more than one type o f m ilk a t the same time, mention all types.
Breast milk only a 
Breast + formula b 
Infant formula c 
Follow-on formula d 
Soy formula e 
Growing-up milkf 
Whole cow milk9 
Low fat/Skim milk h 
Goat’s milk 1
Others *
(please specify 
 )
breastfeeding/ discontinuation of
Insufficient milk6 
Pain/ Discomfort7 
Religious/ Cultural reasons8 
Baby rejection9
Others10 (specify__________________)
* d e le te  a s  appropriate
2.2. What was the main reason for not "initiating 
breastfeeding?
[ | Return to work1 | |
| | Difficulty with latch-on2 □
| | Lack of support3 | |
| | Medical reasons (maternal/ infant*)
| | Inconvenience5 | [
Bir
th 
|
Age of baby
In weeks In months
1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14 | 15
|
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Reference Number
2.3. If you have used more than one formula, state the reason(s) for the change. Please tick 
all that applies.
| | Baby not satisfieda | | Mother unsatisfied with baby’s progresse
□  Milk refusalb | | Product too costlyf
| | Intolerance (vomiting/ diarrhoea*)c | | Advised by health professional9
| | Hard stools/ constipationd | | Othersh (specify__________________ )
* d e le te  a s  appropriate
3. Weaning Practices
3.1. Did you receive any advice on when to start your baby on solids?
| | Yes1 Q ]  No0
3.2. Did you receive any advice on how to start your baby on solids?
| | Yes1 Q  No0
3.3 Who provided the weaning advice? Please tick all that applies.
□ Hospital Doctor/ Nursea □ GPf□ Dietitian b □ Polyclinic Doctor/ Nurse 9□ Parents/ Parents-in-lawc □ Relative(s)h□ Friend(s)d □ Information from book or magazine1□ Internet® □ Othersi (specify )
3.4. What was your baby’s age when you started to give feeds other than breastmilk or 
infant formula to your baby?
months
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3.5. What was your baby’s weight then?
kg □  Can’t remember0
3.6. Which food did you introduce first?
□  Rice cereal1 □  Cereal (‘wheat7/ mixed7/ unsure9)
| | Porridge (‘ plain2/ mixed)3 | | Rusk10
□  Pureed veg4 □  bo ttled  □  Pureed fruits11 □  b o ttled
□  Pureed meat5 □  bo ttled  | | Desserts (non-fruit)12 □  b o ttled
| [ Pureed veg & meat6 □  b o ttled  | | Others13 (specify_____________ )
* d e le te  a s  appropriate
3.7. At what time of day did you introduce them on the first day?
□  Morning a □  Afternoon b I I Evening 0 □  Bedtimed □  Every feede
3.8. Did you add solids in the milk bottle?
| | Yes1 Q  No0
If yes,
3.8.1. When was it started?__________ ___
3.8.2. How long was it continued for?
3.9. If spoon-feeding, did you initially give the food before or after milk feeding?
Replace a feed□  Before1 □  Middle2 Q  After3
3.10. What quantity did your baby eat on the first day?
teaspoons □  Can’t remember1
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3.11. Could you indicate the age (and order) in which you introduced different sorts of 
foods. Please put a cross in the order box for any foods not introduced to you baby yet.
Order Aae (months!
Baby cerealsa □ □□
Baby biscuits/ teething ruskb □ □□
Breadc □ □□
Bottled foodsd □ □□
Egg
Yolk6 □ □□
Whitef □ □□
Cheese 9 □ □ □
Yogurth □ □ □
Porridge1 □ □ □
Rice1 □ □ □
Noodle/pastaj □ □ □
Veg k □ □ □
Fruit1 □ □ □
Meatm □ □□
Fish n □ □□
Bean/bean products (tofu)0 □ □□
3.12. If you have introduced meat, please indicate the order in which it was introduced.
Please put a cross in the order box for any foods not introduced to you baby yet.
Order
Beef6 □
Chicken b □
Lambc □
Porkd □
Others f (please specify ) □
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3.13. If you give your baby home prepared foods, why do you do so? Please tick all that 
applies.
□  C onveniencea □  Availablee
□  C o s tb □  Think it’s nutritionally b e tte rf
| | Hygiene and food sa fe tyc | | Able to control tastes/ tex tu res9
□  No specific re a so n sd □  Others h (specify________________ )
3.14. If you give your baby commercial baby foods, why do you do so? Please tick all that 
applies.
□  C onveniencea □  Available 0
□  C o s tb □  Think it’s nutritionally b e tte rf
□  More varietyc | | Mainly for d e sse rts9
□  No specific re a so n sd □  O th e rsh (specify________________ )
4. Food concerns
4.1. How important do you think it is for babies to have the following? Please tick the 
appropriate boxes.
Not important0 Important1 Very Important2
Wide variety of fo o d sa □ □ □
Plenty to drinkb □ □ □
Low sugar intake c □ □ □
Additive-free fo o d sd □ □ □
Low salt in take0 □ □ □
High fibre in takef □ □ □
Low fat in take9 □ □ □
Plenty of calories h □ □ □
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5. Baby drinks
5.1. What drinks other than milk do you give to your baby? Please indicate the aae at which 
vour babv was introduced/ started to drink.
Boiled watera
Bottled waterb
Baby fruit juice c
H om e-m ad e juice d
Fruit squash e
Fizzy drinksf
Glucose water9
Honey waterh
Barley water1 
□ sweetened
Chrysanthemumi 
D  sweetened
Herbal drinkk
Tea / Coffee1
Others m 
(please specify 
 )
■C-e
CO
Age of baby
In weeks In months
1 | 2 | 3 | 4 | 5 6 I 7 I 8 3 I 4 I 5 I 6 I 7 I 8 I 9 | 10 I 11 I >12
- + — -f---- -j-— H I i- i -i----- F— i ---
Questionnaire continues. Please turn 
over to next page .......
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6. Atopy and Gastroenteritis
6.1. Is there any family history of food allergies?
□  v e s -  □ * , «
6.1.1. If yes, which m em ber of the family has food allergy?
6.1.2. If yes, what are the food allergens?
□  Cow’s  milk I I Eg g d
□  P e a n u tsb □  Shellfish e
□  T reenu ts0 □  W heatf
6.2. Does your baby have a food allergy?
| | Y e s 1 Q ]  N o 0
6.2.1. If yes, what are the food allergens?
□  Cow’s  milk □  E ggd
□  P e a n u tsb □  Shellfish 6
□  T reenu tsc □  W heatf
□□□
6 .2 .2 .  What were the presenting symptoms?
□  H ivesa | | Swelling of m outhd □
□  R ashes 6 Q  Cough * Q
□  Eczema c □  A sthm af
6 .2 .3 .  Has the diagnosis been confirmed by a paediatrician?
| | Y e s 1 Q  N o 0
Fish
Soy milk
Others 1 
(specify _
□□□
F ish 9
Soy m ilk1
Others 1 
(specify _
Diarrhoea
Others n 
(specify.
6.2.4. At what age was your baby when the diagnosis was m ade?
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6.3. Has your baby had an episode of diarrhoea (defined as 3 or more loose or watery 
stools in a day) in the past?
| | Y e s 1 Q  N o 0
6.3.1. At what age was your baby th e n ?_________________
6.3.2. W hat was the diarrhoea related to?
□  Illnessa □  Food c □  O th e rs8
□ (specify__________ )Not s u re d
6.3.3. Did your baby have more than one episode of diarrhoea?
| | Y e s 1 Q  N o 0
6.3.3.1. What was (were) your baby’s  age(s) th e n ? _____________________
7. Supplements
7.1. Do I did you give your baby nutritional supplements?
| | Y e s1 Q  N o 0
If yes,
7.1.1. What types and are given, the brand, and the age your baby started?
________ Type__________________ Brand___________ Age started (month)
Vitamins ______________________  _____
Minerals ______________________  _____
Vitamins & Minerals ______________________  _____
Others ______________________  _____
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7.2. Who recommended you to give supplements?
□ Hospital Doctor/ Nurse 1 □ <oCLCD□ Dietitian 2 □ Polyclinic Doctor/ Nurse 7□ Parents/ Parents-in-law3 □ Relative(s)8□ Friend(s)4 □ Information from book or m agaz ine9□ In ternet5 □ Others 10 (sDecifv )
8. Personal data
8.1. Subject’s particulars
Affix patient s sticky label
8.2. Mother’s particulars
Age
Education level
Employment
□ □  years
□  ‘O' level or less 
| | ‘A’ level2
□  G raduate3
Age
months
Ethnic group ___  ___
Ch’ □  M 2 □  I s □
Smoker? Y e s 1 □  No 0 □
□  'T E ‘
| | Diploma5
□  Master’s  or h igher6
| | Full-time 1 | | Part-tim e2 | | Housewife3 | | Unemployed
8.3. Father’s particulars
Age
Education level
□ □  years
□  ‘O’ level or less 1 
| | ‘A’ level2
□  G raduate3
Smoker? Y e s 1 □  No 0 □
□  'T E ‘
| | Diploma5
□  Master’s  or h igher6
Employment | | Full-time1 | | Part-tim e2 | | R etiree3 | | Unemployed
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8.4. No. of children less than 18 years old in the family (including current baby) j jj j
8.5. Child minding
8.5.1. If mother is employed, who looks after your baby when you are working?
G randparen ts1 J Babysitter4 O th e rs7
, r = ^  (specify_________ )
|___ | Relative | | Childcare
| | M aid3 | | Friend
8 .5 .2 .  Do you and the caregiver(s) live together?
| | Y e s 1 Q  N o 0
8 .6 . Family circumstances
8 .6 .1 .  Can you provide an approximate of the household income per month?
I I < $ 1 5 0 0 1 Q  $2501 - 3 5 0 0 3 Q ]  > $ 5 0 0 1
| | $1501  - 2 5 0 0 2 Q  $3501 - 5 0 0 0 4
8 .6 .2 .  P lease indicate the type of housing you are currently living in.
3 room fla t1 □  Executive4 □
4 room 2 □  Private housing5 | [
5  room 3 | |
Thank you
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B.2 H ealthcare  Professionals’ S tudy
Self-administered Questionnaire
UniS
U n ivers ity  o f S urrey
In collaboration w i t h :
Polyclinics
SingHealth
Healthcare Professionals’ Knowledge on Current Infant Feeding Recommendations
Dear Colleague,
The relationship betw een infant diet and childhood and adult health has been a  subject of 
much discussion since Barker’s hypothesis that nutritional deficiencies during critical periods 
of fetal and infant growth may programme physiological changes that increase the risks of 
cardiovascular d isea se s  and the metabolic syndrom e1. It is recognized that adequate  
nutrition during the first two years of life is fundam ental to the promotion of favourable growth 
and developm ent. Whilst breast milk provides optimal nutrition, it becom es no longer 
sufficient to m eet the growing needs of infants at a  certain point, and the appropriate 
introduction of com plem entary foods, along with breast milk, is necessary .
In addition to recent changes in infant feeding recom m endations, traditional beliefs and 
cultural practices may further raise confusion, leading to incorrect feeding. While the 
association of food allergies with the timing of infants’ solid food is established, available 
data have also suggested  a possible effect on developm ent of obesity and respiratory 
disorder2. More recently, new findings have linked it to impact the risk of developm ent of 
Type 1 D iabetes3, 4. As healthcare professionals in the primary care setting are well 
positioned to convey information on infant feeding, given their regular interactions with 
families, it is necessary  to ensure that the information provided is accurate and updated.
The aim of this research  is to determine if the non-dietetic healthcare professionals (doctors, 
nurses and pharm acists) working in Singhealth Polyclinics are  familiar with the current infant 
feeding guidelines established by the World Health Organization (WHO) and adopted by the 
Health Promotion Board (HPB). It is hoped that the results obtained from this research  will 
be helpful to identify gaps in existing knowledge, a s  well a s  improve the dissem ination of 
new information in the future. This research involves the completion of a self­
administered questionnaire, which will take only a few minutes of your time. Kindly
return the completed questionnaire t o ____________________________ b y ______________ .
Your participation in this research  is voluntary and there will be no penalty or loss of benefits 
due to non-participation or withdrawal. P lease  be assu red  that your rights will not be affected 
and all data will be handled in confidentiality.
I would be happy to answ er any queries about the survey. Thank you for your participation.
Yours sincerely,
WSL
Ms Han W ee Meng 
Principal Investigator/ Senior Dietitian
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
1 Barker D. J. P. Fetal origins o f  coronary heart disease. B M J 1995; 311: 171 - 4 .
2 Wilson A.C., J. S. Forsyth, S. A. Greene, L. Irvine, C. Hau. Relation o f infant diet to childhood health: seven year follow up o f  cohort o f  
children in Dundee infant feeding study. BM J  1998; 316: 2 1 - 2 5 .
3 Norris J. M., K. Barriga, G. Klingensmith, G. S. Eisenbarth, H. A. Erlich, M. Rewers. Timing o f  initial cereal exposure in infancy and risk 
o f  islet autoimmunity. JAMA  2003; 290: 1713 -  1720.
4 Ziegler A., S. Schmid, D. Huber, M. Hummel, E. Bonifacio. Early infant feeding and risk o f  developing type 1 Diabetes -  associated 
autoantibodies. JAMA 2003; 290: 1721 -  1728.
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PLEASE TICK ONE OR MORE AS APPROPRIATE & FILL IN THE BLANK WHERE NECESSARY.
Healthcare Professionals’ Study
Questionnaire
Section A: Respondent’s Details
1. Profession Doctor O
Pharmacist O
Nurse O
2. Education Local institution O
Overseas institution O
3. Length of experience Less than 1 year O
> 1 year O
> 5 years O
>10 years O
4. Gender Male O
Female O
5. Marital Status Single O
Married O
Others O
6. Do you have any children? Yes O
No O
Section B: Current Job Scope
7. Specify current job rotation (e.g. Immunization, Diabetes screening, etc.)
8. Approximately what percentage of your current work involves working with parents 
of infants (< 1 year old)?
< 25% O
50% O
75% O
100% O
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Section C: Continuing Education Activities
9. Do you have any training on infant nutrition?
Yes (If yes, give details of course/ program details_____________________________ ) O
No O
10. How were you updated on any new infant feeding recommendations?
Through colleagues O
Through attending talks/ courses O
Through reading O
Others (specify__________________________ ) O
11. How often do you take part in Continuing Education?
Never O
Less than once a month O
Once a month O
Once a week O
More than once a week O
12. Who usually provides the CE?
Place of work O
Professional association O
Tertiary institution O
Others (specify_______________ ) O
Section D: Infant Feeding Knowledge
13. Currently, the World Health Organization recommends exclusive breastfeeding ...
... for 4 months and continued on-demand breastfeeding till 1 year old O
... for 6 months and continued on-demand breastfeeding till 1 year old O
... for 4 months and continued on-demand breastfeeding till 2 years old O
... for 6 months and continued on-demand breastfeeding till 2 years old O
14. What is Singapore’s current recommendation on breastfeeding?
... exclusive breastfeeding for 4 months and continued on-demand O
breastfeeding until 1 year of age
... exclusive breastfeeding for 6 months and continued on-demand O
breastfeeding until 1 year of age
... exclusive breastfeeding for 4 months and continued on-demand O
breastfeeding until 2 years of age
... exclusive breastfeeding for 6 months and continued on-demand O
breastfeeding until 2 years of age
15. What is (are) the short-term (up to 12 months) benefit(s) of breast milk?
[Please tick all answers that applies]
Improves cognitive outcome O
Reduces risk of childhood chronic disease O
Protective against gastrointestinal infections O
Decreases childhood atopic diseases O
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16. What are the medium (up to 2 years) & long-term (adult) benefits of breast milk? 
[Please tick all answers that applies]
Improves cognitive outcome O
Reduces risk of adult chronic disease O
Protective against gastrointestinal infections O
Decreases adult atopic diseases O
17. At what age should complementary foods (i.e. foods other than breast milk or 
formula milk) be introduced to the infant?
3 months O
4 months O
5 months O
6 months O
Other (specify___________) O
18. What is (are) the short-term (up to 12 months) benefit(s) of weaning/ introducing 
complementary foods?
[Please tick all answers that applies]
Prevent iron-deficiency anaemia O
Provision of adequate and appropriate nutrition O
Reduces risk of adult chronic disease O
Improves mental and motor development O
19. What are the medium (up to 2 years) & long-term (adult) benefits of weaning/ 
introducing complementary foods?
[Please tick all answers that applies]
Prevent iron-deficiency anaemia O
Provision of adequate and appropriate nutrition O
Reduces risk of adult chronic disease O
Improves mental and motor development O
20. What type of food do you advise parents to give when they first start weaning/ 
introducing complementary foods?
Potato O
Rice cereal O
Wheat cereal O
Apple O
Other (specify___________) O
21. Which of the following contains gluten?
Potato O
Rice O
Wheat O
Apple O
Fish O
22. When should gluten-containing foods be introduced by the mother to her infant?
3 months O
6 months O
9 months O
12 months O
Other (specify ) O
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23. At what age do you advise a mother to introduce egg white to her infant’s diet?
6 months O
9 months O
12 months O
15 months O
Other (specify___________) O
24 From what age do you advise a mother to introduce meat into the diet of her 
infant?
6 months O
9 months O
12 months O
15 months O
Other (specify___________) O
25. When do you advise mother that fresh cow’s milk can be introduced to her infant 
as a main drink (instead of formula)?
6 months O
9 months O
12 months O
15 months O
Other (specify__________) O
26. Do you advise mothers to introduce complementary foods in a particular order? 
Yes O No O
If yes, indicate the order of introduction of the following foods. 
[Give ‘1 ’ for the first, ‘2’ for the second, etc.]
Fruits______________________________________
Meat (i.e. beef, chicken, pork) ____
Cereals ____
Vegetables ____
Fish
27. Finger foods, i.e. snacks that can be eaten by the infant alone, such as baby 
biscuits, breadsticks, etc. should be introduced_________________ .
At 6 months O
Between 8 and 10 months O
Between 12 and 14 months O
After 15 months O
Other (specify ) O
28. When can salt be introduced to a child’s diet?
10 months O
12 months O
18 months O
24 months O
Other (specify ) O
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29. When can sugar be introduced to a child’s diet?
10 months O
12 months O
18 months O
24 months O
Other (specify___________) O
30. Juice consumption should be limited to  .
120 ml O
180ml O
240ml O
No specific recommendation O
Other (specify___________) O
31. Do you advise mothers that home-prepared meals are nutritionally better than 
commercially-produced ones?
Yes O
No O
32. By what age do you advise a mother to provide her infant with family meals, i.e. 
foods that are consumed by the rest of the family?
6 months O
12 months O
24 months O
36 months O
Other (specify___________________________ ) O
T hank you fo r yo u r tim e!
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A ppendix C
Sample of the Infant Health 
Booklet
Details of the anthropometry at birth and particulars of the parents
hours
PARTICULARS O F PARENTS
Particulars of M other 
Name •
Occupation :
Address:
NRIC/Pa.qqport No *
Tel (Res) • Tel (Off) :
Particulars o f Father 
Name : •
Occupation :
NRIC/Passport No. :
BIRTH RECORD AND PARTICULARS OF CHILD
Name in BLOCK LETTERS  _______
Birth Certificate No•:Q ]-□ Date Of Birth
Place of Delivery KK Women's and Children's Hospital yjme of Birth 
Sex ; O  Male O  Female Ethnic Group
Duration of Gestation • weeks Birth Order :
Mode of Delivery : __
Apgar Score :
Weight at Birth : 
Length at Birth :
Head Circumference :
1 min 5 min
cm
cm
gm
‘Development & Growth Assessment’ checklist
ASSESSMENT AT 3 MONTHS TO 4 MONTHS Assessment a t  5 m onths to  4 m onths
Date of Assessm ent: _____________ Age : _________Main caregiver:
DEVELOPMENTAL CHECKLIST FOR PARENTS
(P le a se  t ic k  “Yes" /  " N o " )
Yes No
Age (mths) 
when 
about 90% 
can perform
Personal Social
1 W hen you face  th e  baby lying o n  his back, h e  looks a t  
you and  w atches you. (Regards face! □ □ 1
2 W hen you  talk a n d  sm ile to  th e  baby, h e  sm iles back 
a t  y o u  w i th o u t  y o u  tic k lin g  o r  to u c h in g  h im . 
(Smiles responsively)
□ □ 1
Fine Motor-Adaptive
3 W hen y o u r  child Is o n  his back , h e  can  fo llow  th e  
m o v e m e n t o f  an  o b je c t,  f ro m  o n e  side , p a s t  th e  
mid-line to  th e  o th e r  side. (Follows p ast mid-line) □ □ 2.5
4 Your child can to u c h  his ow n hands to g e th e r  a t  th e  
mid-line o f  th e  body. (Hands to g e th e r) □ □ 3.5
5 W hen you bring  a ra ttle  to  to u c h  th e  back o r  tip s  o f  
you r child 's fingers, h e  g rasps th e  ra ttle  In th e  hand  
fo r  a few  seconds. (Grasps ra ttle  in hand)
□ □ 4
Language
6 W hen your child hears a bell sound  th a t  he can n o t s e e , 
i.e. ou ts id e  his line o f  vision, h e  re sp o n d s  w ith  eye 
m ovem ents, changes In breathing pa tte rn  o r  changes In 
activities. (R esponds to  a bell)
□ □ 1
7  Your child m akes so u n d s  o th e r  th a n  crying, su ch  as 
small th ro a ty  so u n d s  o r  sh o r t  vow el so u n d s  like "UH\ 
•00". "EH", "AH".... (Vocalizes)
□ □ 1.5
Cross Motor
8 While y ou r child is lying o n  his back, h e  m oves his arm s 
and  legs equally. (Equal m o vem en t) □ □ ’ 1 ,
9 W hen your child Is placed on  his stom ach , h e  lifts his 
head  m om entarily  off th e  surface. (Lifts head) □ □ 1
10 W hen your child is placed o n  his stom ach, h e  can lift his 
head  so  th a t th e  angle b e tw een  his face and  th e  surface 
h e  is lying o n  is approxim ately 45 d eg rees . (Head-up 
45 degrees)
□ □ 3
GROWTH
W eig h t: ___________k g ____________% Length : ____________c m ------------------ %
Head C ircum ference:___________c m ____________%
HEARING SCREENING (If n o t done at birth or at 4-6 w eeks old)
r i  O to-acoustic  em issio n  (OAE) [“ I A utortla ted  Brainstem  A uditory
l _ l  I— I Evoked R esponse (ABAER)
Date o f  a s s e s s m e n t : ____________________
Results : Pass Q  Refer fo r  fu r th e r  evaluation
Rem arks (if a n y ) : _____________________________________________________________ — —
PHYSICAL EXAMINATION
Eye E x a m in a tio n  : Fixation o n  m oving  o b je c t : Right Eve □  Left Eye □
C om ea/L lns Q ]  Pupillary Light reflex Q
Red Reflex Q  S q u in t : Yes Q  No Q
Fontanelles □ H eart □ Back □
F ades □ Lungs □ Arms □
M outh/Palate □ A bdom en □ Legs □
Ears □ Umbilicus □ Hips □
Neck □ Fem ora) pu lse □ M usde to n e □
Skin □ Genitals □ p o s tu re □
R e f le x e s : 
Moro Grasp | | Tonic Neck □ W alking/Stepping □
OUTCOME OF THE EXAMINATION
1. Norm al: Next routine check a t :
2. Needs Follow up At The Clinic : Review : ____________
3. Needs Further Evaluation ; Referred to : ________
Remarks
Comments of Doctor/Nurse on developmental checklist for p a r e n t s ___________________________________________________
■------------------------------------------------------------------------------------------- — --------—  Doctor/Nurse_: ____________________________  Signature :
------------------------------------------------------------------------------------------------------------- ' Clinic_: ________________________________  Date_: ____
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A ppendix D
Infant Feeding Study - Growth 
Charts
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A ppendix E
Infant Feeding Study - 
Anthropometric Measurements 
at the 3rd, 50th and 97th 
percentile
Table E .l:  Weight corresponding to the 3rd, 50th and 97th percentile on the 
growth charts at each age group
Age(months) Boy‘s Weight (kg) GirPs Weight (kg)
3rd %ile 50th %ile 97th %ile 3rd %ile 50th %ile 97th %ile
4 5.7 7.2 8.8 5.0 6.0 8.0
5 6.0 7.6 9.2 5.4 6.4 8.4
6 6.4 7.8 9.6 5.8 7.2 8.8
9 7.0 8.8 10.6 6.6 8.0 10.0
15 8.0 10.0 12.2 7.8 9.4 10.5
Table E.2: Length corresponding to the 3rd, 50th and 97th percentile on the 
growth charts at each age group
Age(months) Boy‘s Length (cm) GirPs Length (cm)
3rd %ile 50th %ile 97th %ile 3rd %ile 50th %ile 97th %ile
4 59.0 64.0 68.0 57.0 62.0 66.0
5 61.0 66.0 70.0 59.0 64.0 68.0
6 62.5 67.0 72.0 61.5 65.0 70.0
9 67.5 72.0 76.0 66.0 70.0 75.0
15 73.0 78.0 83.0 72.0 77.5 83.0
Table E.3: Head Circumference corresponding to the 3rd, 50th and 97th per­
centile on the growth charts at each age group
A g e  ( m o n th s )
B o y 's  H e a d  C ir c u m fe r e n c e  (c m ) G ir P s  H e a d  C ir c u m fe r e n c e  (c m )
3rd  % ile 5 0 th  % ile 9 7 th  % ile 3rd % ile 5 0 th  % ile 9 7 th  % ile
4 39.2 42.0 44.0 38.0 40.5 43.0
5 40.0 43.0 45.0 39.0 41.4 43.8
6 41.0 43.6 45.5 39.7 42.0 44.5
9 42.5 45.0 47.5 41.4 43.8 46.2
15 44.5 47.0 49.5 43.2 45.7 48.2
A ppendix F
Infant Feeding Study - Workings 
of the Factor Analysis 
performed on data relating to 
M other’s Perceptions of the 
Importance of “Healthy Eating” 
Guidelines for their Children
Table F .l:  Correlation Matrix
W id e  
variety  o f  
food s
P len ty  to  
drink
Low
sugar
intake
A d d itiv e -
free
foods
Low sa lt  
intake
H igh
fibre
intake
Low fat 
in take
P len ty  o f  
calories
Wide variety of foods 1.000 -.033 -.070 .154 .050 .034 -.001 .007
Plenty to drink -.033 1.000 .063 -.054 -.031 -.021 -.071 .017
Low sugar intake -.070 .063 1.000 .411 .426 .060 .266 -.050
Additive-free foods .154 -.054 .411 1.000 .397 .033 .146 .063
Low salt intake .050 -.031 .426 .397 1.000 .229 .245 .142
High fibre intake .034 -.021 .060 .033 .229 1.000 .196 .152
Low fat intake -.001 -.071 .266 .146 .245 .196 1.000 .136
Plenty of calories .007 .017 -.050 .063 .142 .152 .136 1.000
Table F.2: KMO and Bartlett’s Test
K a iser -M ey er -O lk in  M ea su re  o f  S a m p lin g  A d eq u a cy .0627
B a r t le t t ’s T est o f A p p ro x . C h i-S q u are 180.245
S p h e r ic ity d f 28
Sig . .000
Table F.3: Total Variance Explained
Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Cumulative Total % of Cumulative
Variance % Variance %
1 2.067 25.836 25.836 2.067 25.836 25.836
2 1.193 14.909 40.745 1.193 14.909 40.745
3 1.088 13.605 54.349 1.088 13.605 54.349
4 .999 12.483 66.833
5 .863 10.783 77.616
6 .777 9.714 87.331
7 .543 6.782 94.113
8 .471 5.887 100.000
Extraction Method: Principal Component Analysis
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Figure F .l:  Scree Plot
Table F.4: Component Matrix “
C om ponent
1 2 3
Low salt intake .777
Low sugar intake .708 -.420
Additive-free foods .679 -.335
Low fat intake .548
Plenty of calories .651
High fibre intake .365 .611
Wide variety of foods .815
Plenty to drink -.512
E x tr a c t io n  M eth o d : P r in c ip a l C o m p o n en t A n a ly s is  
a. 3 c o m p o n e n ts  e x tr a c ted
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Table F.5: Rotated Component Matrix °
Com ponent
1 2
Low sugar intake .814
Additive-free foods .755
Low salt intake .727
Wide variety of foods
High fibre intake .704
Plenty of calories .690
Low fat intake .402 .467
Plenty to drink
E x tr a c t io n  M eth o d : P r in c ip a l C o m p o n en t A n a ly s is  
R o ta t io n  M eth o d : V a r im a x  w ith  K a iser  N o r m a liz a tio n  
a. R o ta t io n  co n v erg ed  in  3 ite ra tio n s
Table F.6: Total Variance Explained
Component R otation  Sums of Squared Loadings
Total % of Variance C um ulative %
1 1.942 24.281 24.281
2 1.317 16.463 40.745
E x tr a c t io n  M eth o d : P r in c ip a l C o m p o n en t A n a ly s is
Table F.7: Component Transformation Matrix
C om ponent 1 2
1 .926 .377
2 -.377 .926
E x tr a c t io n  M eth o d : P r in c ip a l C o m p o n en t A n a ly s is  
R o ta t io n  M eth o d : V a r im a x  w ith  K a iser  N o r m a liz a tio n
A ppendix G
Food and Nutrient Intake Study 
- Workflow for Nurses in the 
Clinic Illustrating the 
Recruitment Process
No
Y es
No
Yes
No
Yes
Is infant 
between 9 and 
<LD month old>
Is the parent/'"' 
caregiver interested 
in participating?
^x""ls the In fa n t^ ^  
Singaporean, 
Full-term (> 37wk GA), 
.Stopped breastfeeding, 
^"sMedically w e l l / ^
Nurse 
Assess infant’s 
age
Proceed as per 
usual
Nurse
Nurse 
Proceed as per 
usual
1. Proceed as per usual
2. Record reason for 
non-participation 
using Form X
Nurse
Tear off reply slip, completed with 
contact details and preferred timing 
Return the ‘Information Sheet’ to 
parent/ care-giver
Nurse
At the end of each week, send the reply 
slips to the P.l. at the following address:
Attention to: Han Wee Meng 
Dept of Nutrition & Dietetics 
KK Women’s and Children’s Hospital 
100 Bukit Timah Road 
Sin.qapore 229899
Nurse
__________________Nurse_________________
1. Inform parent/ care-giver of research study on­
going about nutritional evaluation of infants’ diet.
2. Give ‘Information Sheet’ to the parent/ care-giver
3. Mention assessment of adequacy of infant’s diet 
will be conducted by a dietitian
4. Plot growth on charts (while parent/ caregiver 
reads ‘Information sheet'
A ppendix H
Food and Nutrient Intake Study  
- D ata Collection Sheet
Data collection Sheet Reference No.
1. S u b je c t  P a r tic u la rs
N am e: G ender: Ml F
A ddress:
D ate of Birth: _ _ / _ /  2 0 0 _ G estation  Aoe: w eeks
Birth A nthropom etrv 
W eiqht: q Lenqth: cm  H ead: cm
Anthropom etry a t 9 m onths 
W eioht: o Lenqth: cm H ead: cm
2. P a re n ts  P a r tic u la rs
M other
Name: Aqe: vea rs
C ontact num ber: Education level:
Full-time em ploym ent: Y /N
F ather
Nam e: Aqe: v ea rs
Education level: Profession:
Family incom e above $3500: Y/ N 
Tvoe of housinq:
N um ber of children: Aqe of eldest: v ea rs  A oe of vounoest: mth
3. F eed in g  H isto ry
Did you b reas t feed  your child? Y/ N If yes, for how long?
Did you form ula feed  your child? Y/ N
/  05
W hen did you first introduce cerea ls to your child? A g e :_____________m onths
W as the  cerea l given via spoon or added  into milk bottle? S poon / bottle 
Have you fed your child any com m ercial foods? If yes, which one(s)?
Data Collection Sheet
4. C u rre n t D iet 24-h Diet recall
Milk intake
Volume: ml 
No. of milk fe e d s  Der dav:
Morning:
Solid food intake 
No. of m ea ls  Der dav:
Mid-morning:
No. of serv inqs of fruit p e r dav: /  not dailv 
No. of serv inqs of v eq e tab les : /  not dailv 
Include a t le a s t 1 type of g reen  leafy v eg ?  Y/ N 
No. of se rv ings of m e a t & alternative per day:
Afternoon:
/  not dailv
M id-afternoon:
Drinks
V olum e of plain w a te r per dav: ml
Drinks o ther than  milk an d  plain w ate r?  Y/ N 
If ves . w hat?
How m uch?
Evening:
M eals cooked  sep a ra te ly ?  Y/ N 
S easo n in g s  a d d e d ?  Y/  N
Bedtime:
E stim ated  C alorie Intake:
5. S u p p le m e n t U sa g e
Do you give your child any  vitamin an d / or m ineral su p p lem en ts?  Y/ N
If yes , w hat and  how  m u c h ? _____________________________________
Is it given daily? Y/ N
W ho recom m end  i t? _________________________
Data Collection Sheet
6. F a c to rs  a ffec tin g  c h o ic e  o f fo o d
W hen choosing foods for your child, do you think of the  following fac to rs?  
R ate using a  sca le  of 1 (N ot a t  all) to  5 (Totally)
H ealth
Long-term health
Nutritional value
Safety
Practicalitv
It w as  available
B etter to e a t som ething tha t is not ideal than not e a t anything
C ost
Time taken  or difficulty/ e a s e  of preparation
.Calorie
Calorie con ten t
Emotional
A rew ard
A treat
Comfort
T aste
A ppendix I
Food and N utrient Intake Study  
- Com plete D ata on the  
Estim ated Total Daily Energy  
and N utrient Intake
I D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
C a l
(k c a l)
P r o t
(g )
F a t
(g)
C a rb
(g)
F ib r e
(g)
C a lc iu m
(mg)
I r o n
(m g )
1033 42.6 41.9 121.4 0.5 1252 16.5
755 19.6 34.0 92.8 2.1 542 20.2
932 26.4 37.8 121.6 2.8 799 16.5
689 35.6 33.1 96.3 1.1 712 14.1
626 32.6 24.8 68.2 2.6 619 12.4
963 36.2 35.5 124.4 1.3 1018 14.1
768 28.1 23.0 112.8 1.0 517 8.0
699 23.0 28.3 87.4 1.7 534 11.1
831 32.7 28.7 110.0 1.6 983 13.6
794 29.8 33.8 84.0 2.6 531 11.4
676 22.8 26.9 86.4 3.3 447 18.3
629 22.6 21.6 86.2 2.0 603 18.1
918 33.5 18.1 168.1 1.8 655 7.5
741 22.2 38.7 105.8 1.8 732 12.7
866 27.4 26.6 122.0 3.9 729 11.0
871 31.3 47.7 106.7 0.4 979 14.7
983 41.8 28.8 152.7 6.1 799 10.2
879 47.0 21.7 123.0 3.4 682 10.3
775 38.0 25.5 85.9 3.8 658 13.2
681 31.7 20.0 97.8 3.6 822 9.1
654 22.6 20.4 96.3 4.5 534 8.1
722 37.8 26.6 82.5 4.4 686 11.6
1013 32.9 47.5 100.8 6.9 378 9.5
599 17.6 22.7 81.0 3.0 735 12.2
745 41.4 26.8 87.6 4.6 830 13.8
982 38.2 32.5 134.2 2 .7 1192 19.0
798 28.5 34.2 94.0 1.3 551 12.4
997 37.1 30.4 136.9 1.1 1116 18.8
900 29.6 32.2 123.2 2.0 895 11.1
768 19.8 32.8 98.5 0.9 595 11.7
A ppendix J
Food and Nutrient Intake Study  
- Com plete D ata on the  
N utritional Com position of 
Home-prepared M eals
ID Cal
(kcal)
Prot
(g)
Fat
(g)
Carb
(g)
Iron
(mg)
Zinc
(mg)
1 77 5.6 0.6 12.3 1.09 0.33
2 - - - - - -
3 83 4.0 0.3 16.1 0.50 0.30
4 100 7.0 0.4 16.7 0.6 0.15
5 151 11.8 4.4 16.3 3.27 0.94
6 104 7.4 0.3 17.3 0.54 0.15
7 193 5.2 2.6 21 .0 1.10 0.47
8 76 5.0 0.5 12.8 0.63 0.15
9 121 5.3 0.3 24.3 0.62 0.11
10 93 8.0 0.7 13.8 0.47 0.68
11 83 5.8 0.6 13.7 0.44 0.27
12 54 3.8 0.3 9.2 0.40 0.08
13 279 10 .0 0.6 59.0 0.53 0.21
14 51 3.0 1.0 7.5 0.15 0.52
15 120 3.7 0.3 26.4 0.84 0.21
16 - - - - - -
17 137 10.6 4.6 26.3 1.31 0.94
18 169 13.4 0.8 26.5 1.10 0.33
19 104 10.8 0.7 12.9 0.80 0.29
20 87 7.6 0.4 13.0 0.75 0.31
21 101 4.3 0.5 20.9 0.84 2.4
22 77 10 .0 1.7 5.2 1.19 1.89
23 108 9.2 0.6 18.0 1.16 0.79
24 96 3.9 1.2 17.5 0.35 0.53
25 130 12.5 6.5 4.7 1.5 1.30
26 54 5.7 0.5 6 .0 0.52 0.18
27 85 7.2 0.4 13.2 0.55 0.17
28 97 7.3 0.4 16.0 0.55 0 .12
29 76 2.9 0.7 14.3 0.30 0.39
30 80 3.0 0.2 16.6 0.31 0.05
Missing values, as infant did not receive any home-prepared meals
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